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Heat Kesistant Materials R&D tor the HOPE: 
NASDA 

43067183a Tokyo KAGAKU KOGYO NIPPO in 
Japanese 12 Jul 89 p l—FOR OFFICIAL USE ONLY 


[Text] The National Space Development Agency 
(NASDA) will conduct full-scale research into heat resis- 
tant structura! technologies which hold the key to the 
development of the HOPE winged recovery plane to be 
launched by the H-II rocket. In specific terms there will 
be three areas: carbon fiber reinforced polyimides which 
they envision at about 300°C, carbon fiber reinforced 
carbon composites (C/C materials) which they envision 
at about 1000° to 1700°C, and heat shielding materials 
which they envision for aerodynamic heating at the time 
of reentry into the atmosphere. During the basic 
designing of the HOPE, their purpose will be to calculate 
the temperatures hypothesized for each of the exterior 
and general parts of the fuselage and main wing and 
develop materials suitable for each of these. They will 
proceed with the research and development leading to 
the selection of the various technical subjects by com- 
pleting basic studies of developments up to now. 


For spaces shuttles including the HOPE, the most impor- 
iant key will be the development of materials which can 
withstand severe changes in mechanical and thermal 
environment. 


Throughout flight simulation with the HOPE, NASDA 
has decided to use heat protective materials on the 
exterior, while using heat resistant materials on the 
fuselage and main wing in order to protect cargos within 
the aircraft. Furthermore, they have decided that struc- 
tural materials with suitable strength and rigidity will be 
necessary on places such as the wing and nose tips which 
are subject to superhigh temperatures and on the tail 
which from a structural standpoint is difficult to cover 
with heat protective materials. 


For the most part they will use carbon fiber reinforced 
polyimide composties for general parts. Because these 
are the parts which will bear most of the load when the 
aircraft is flying, specific strengths and rigidities will be 
sought. To this end. polyimide resins which can with- 
stand temperatures of 300°C will be reinforced by carbon 
fibers. They will first proceed with trial prodcution tests 
to obtain both mechanical data beginning with strength/ 
elasticity and environmental resistance data including 
resistance to radiation and oxygen atoms. 


Because the application of existing heat resistant alloys is 
difficult under temperatures of 1000° to 1700°C, C/C 
materials will be used on parts which will be exposed to 
aerodynamic heating and which will not have heat 
protective materials attached to their surfaces. C/C 
materials have outstanding characteristics, but because 
they oxidize at temperatures above 600°C, they will seek 
a way to apply anti-oxidation coatings on their surfaces. 
At the present time the establishment of molding process 
techniques has become a subject for study. 
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Heat protective materials are envisioned for reentry into 
the atmosphere. At the present time there are three 
candidates for the purpose of protecting the HOPE from 
aerodynamic heating: |) ceramic tiles, 2) titanium multi- 
walls, 3) carbon fiber reinforced carbon composites. 
Research has already begun. 


NASDA will successively complete testing in each of the 
three research areas relating to the technology of heat 
resistant structures and their intent is to conduct full- 
scale research toward specific technical breakthroughs. 


Surface Treatment for Mg Alloys Developed: NTT 


43067183b Tokyo KAGAKU KOGYO NIPPO in 
Japanese 14 Jul &9 p 4—FOR OFFICIAL USE ONLY 


[Text] Nippon Telegraph and Telephone (NTT) has 
developed a new surface treatment technique for mag- 
nesium alloys. They drove aluminum ions onto the alloy 
surface by ion plating and then prevented the formation 
of pin holes in the the film by HIP (hot isostatic pressure) 
processing. Its corrosion resistance is better tnan that of 
existing plating treatments and because of its pure alu- 
minum film, its thermal conductivity and surface elec- 
trical conductivity are high. It was developed for elec- 
tronic equipment frames to be used in aerospace and it 
was employed on the EXOS-D scientific satellite 
launched in February of this year. 


Magnesium alloys are 30 percent lighter than aluminum 
alloys and are ideal for aerospace materials. However, 
their surfaces are reactive and have no corrosion resis- 
tance, so it is necessary to perform corrosion protection 
treatment. 


NTT drove aluminum ions onto the magnesium alloy 
and produced a film more than 50 microns thick. They 
also almost completely removed pin holes in the film by 
applying HIP. HIP is a way of closing up pin holes by 
melting the bond surface between the magnesium and 
pure aluminum using high temperatures by applying 
400°C for | hour. 


ZK60 (5.5 percent zinc, 0.5 percent zirconium) and 
AZ31 (3 percent aluminum and 0.2 percent zinc) are 
representative of the magnesium alloys used. Corrosion 
resistance is twice as high compared to plating processes. 
Surface conductivity is the same or better than that of 
simple aluminum alloy and they achieved thermal con- 
ductivities more than ‘hree times higher than those for 
existing treatment methods. 


Among the surface treatment methods for magnesium 
alloys there are many plating methods and methods 
combining plating with painting. However, existing 
methods cannot avoid producing very fine pin holes in 
their films and these are the cause of reduced corrosion 
resistance. 


The objective that NTT set was a case for covering 
electronic equipment to be used in aerospace. Surface 
conductivity and thermal conductivity are desirable in 


FOR OFFICIAL USE ONLY 








FOR OFFICIAL USE ONLY 


2 ADVANCED MATERIALS 


order io Cancel Oui tie heai generated by equipment and 
because of the electromagnetic waves which engulf sat- 
ellites. Existing methods including painting, chemical 
processing, and combinations of anode oxidation with 
hole sealing treatments result in insulating layers and so 
cannot be used in space. 


NTT made use of the light weight of magnesium alloys 
and successfully produced a surface film which gave it 
these functions. The adhesion strength of the film was 
satisfactory and its practicality was confirmed from 
results on the EXOS-D into which it was loaded. They 
expect its utilization to expand into parts for atomic 
energy equipment, chemical plants, etc. where light 
weight is needed and high corrosion resistance is desir- 
able. 


Soldering Tape Using Amorphous Ti Developed: 
Daido Steel 


43067183c Tokyo KAGAKU KOGYO NIPPO in 
Japanese 10 Jul 89 p 4—FOR OFFICIAL USE ONLY 


[Text] Daido Steel has developed a tape-shaped sol- 
dering material using amorphous titanium. A weakness 
of new materials such as composites and ceramics is that 
they are difficult to process, but this material will be 
effective in joining them together. It is a four element 
alloy in which copper, nickel, and zirconium have been 
added to titanium and it is produced by the single roll 
quench solidifaction method. They have introduced trial 
production facilities at their New Material Laboratory in 
Nagoya and have begun market exploitation. 


Among soldering materials using amorphous alloys, 
nickel alloys have begun to be used in the Japanese 
market. Among world manufacturers, Allied Signal of 
the United States has been supplying Japan through its 
Japanese corporation, Nippon Amorphous Metals 
(abbreviated NAMCO, joint management with five com- 
panies in the Mitsui family, including Mitsui Shipbuild- 
ing). Allied Signal has completed its development of a 
titanium solder and because its compositional specifics 
have been established, it appears that some sort of prior 
discussions with Allied Signal regarding regular produc- 
tion by Daido Steel will be necessary. 


Daido Steel controlled the components by adding 
minute amounts of elements such as copper to the 
titanium and they sucessfully created a tape by winding 
with a single roller connected directly with the molten 
pool. By establishing cooling speeds of more than 
10,000°C/sec during winding they produce the amor- 
phous condition where crystals are not formed. How- 
ever, because titanium has a high melting point, tape 
width is limited to about 20 millimeters and widening 
the tape will be a future challenge for them. 


New materials including metal composites and ceramics 
characteristically have high specific strengths for their 
light weights and outstanding corrosion resistance and 
hardness, but they also have a weakness in their difficult 
processing. With metal systems, it is noteworthy that 
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powder injection molding processes and semi-molten 
processes create products which are virtually in their 
final form. 


The advantages of Daido Steel’s titanium solder are that 
it can bond at lower temperatures than existing methods 
such as electron beam welding, soldering, and solid 
phase diffusion bonding and that it has no dimensional 
variations so that it can cope with precision manufac- 
turing. The joining of complicated shapes is also pos- 
sible. Daido Steel has entered trial production of dental 
pliers using the titanium solder, thereby confirming that 
it has reached a practical level. 


Daido Steel has decided that it will be able to supply not 
only the tape, but also amorphous powders using the gas 
spray and centrifugal spray methods. At the same time 
they have been successful in the development of a silver 
solder with added reactive metals which is suitable for 
joining metals to ceramics. 


Quench Solidified Al Alloy: Sumitomo Light 
Metal 


43067183d Tokyo NIKKAN KOGYO SHIMBUN in 
Japanese 25 Jul 89 p 22—FOR OFFICIAL USE ONLY 


[Text] Sumitomo Light Metal Industries has developed a 
quench solidied aluminum alloy powder (aluminum, 
iron, silicon, magnesium, and vanadium) with out- 
standing high temperature characteristics. The alloy’s 
proof stress at 200°C is 25.5 kg/mm? and its tensile 
strength 31.2 kilograms, surpassing the data for the 
existing champion. They achieved improvements in 
strength by adding very small amounts of silicon or 
copper and magnesium to the aluminum/iron alloy. As a 
result of using the alloy in the trial production of 
connecting rods, an automotive engine part, they have 
been able to plan on weight reductions of 30 to 50 
percent over existing steel parts. They have already 
entered into various kinds of testing with automobile 
manufacturers and hope to achieve actual use after 3 
years at the soonest. 


In regard to obtaining better performance in terms of 
high temperature strength and abrasion resistance, we 
have technically reached the limit for manufacturing 
methods (I/M methods) with existing melt/cast pro- 
cesses. On the other hand aluminum powder alloys 
composed of quench solidified powders have out- 
standing high temperature and abrasion resistance char- 
acteristics because when large amounts of iron and 
silicon are added, alloys are obtained with very small 
amounts of intermetallic compounds dispersed uni- 
formly throughout. Furthermore, because its linear 
expansion rate is low and its longitudinal elasticity is 
high, work toward practical utilization has continued 
and in the future they expect application in engine parts, 
etc. 


In the past Sumitomo Light Metals has responded to 
specific uses and developed a number of types of quench 
solidified aluminum alloys, and in this case they pushed 
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ahead with the development of an aluminum alloy which 
could be used satisfactorily even at high temperatures; 
they experimentally produced connecting rods. 


The maximum proof stress for existing aluminum alloys 
is 25.8 kg/mm? and the maximum tensile strength is 26. | 
kilograms. In developing this aluminum alloy, they were 
able to improve tensile strength by adding copper and 
magnesium to the aluminum/iron alloy. By also adding 
silicon, they reduced the linear expansion coefficient and 
thereby improved strength. The optimum amount of 
silicon is within a range of 2 to 4 percent. 


At the present time research is proceeding on titanium 
alloys for use as materials suitable for turbine blades in 
jet engines, but because their processing characteristics 
are poor, goals for practical use have not yet been 
established. They have decided that there is a possibility 
of the quench solidified aluminum alloy developed here 
being used as a substitute for titanium alloys in engine 
blades in relatively low temperature ranges. 


Plastic Molding Die From Quench Solidified Al 
Alloy 


43067183e Tokyo NIKKAN KOGYO SHIMBUN in 
Japanese 1 Aug 89 p 21—FOR OFFICIAL USE 


[Text] Sumitomo Light Metal Industries has developed a 
plastic injection molding die using a quench solidifed 
aluminum alloy. The die weighs only one-third as much 
as low carbon steel (S55C) dies and its processing speed 
is three times faster. Its special features are that its 
abrasion resistance is three times that of aluminum 
alloys and that because its linear expansion rate is only 
three-quarters as much, dimensional errors under rising 
temperatures can be reduced. Because its abrasion resis- 
tance is especially good, it is considered suitable as a die 
for plastic injection molding, an area whose range of 
apllications has recently expanded. 


Although its price is 10 to 20 percent higher than that for 
aluminum alloys, in terms of performance, its overall 
advantages are considered great. Sumitomo Light Metal 
will soon embark on full-scale sales. 


Aluminum alloy die materials have thus far come to be 
used ‘or rubber, chloride plastics, glass fibers, heat 
hardened resins, etc. and their market is expanding at a 
rapid tempo. This is because the dimensional accuracy 
and luster of aluminum alloy dies are in no way inferior 
to those of steels such as low carbon steel and their 
accommodation to high class products is planned. How- 
ever, in spite of their various strong points, because they 
have fatal weaknesses such as the fact that they are soft 
and low in strength, they have not reached a point where 
they are in the main stream in place of carbon and 
specialty steels. 


Sumitomo Light Metals has been looking toward the 
development of plastic injection molding dies whose 
characteristics such as processibility, dimensional accu- 
racy, and abrasion resistance are improvements over 
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those of low carbon steel and aluminum alloy. They were 
successful in trial production using quench solidifed 
aluminum alloys. 


The composition of the alloy is aluminum, silicon (20 
percent), nickel (7.5 percent), copper, and magnesium. 
Quench solidified aluminum alloy powder has the fol- 
lowing characteristics: |) solidified composition is finely 
detailed, 2) intermetallic compounds are finely and 
uniformly dispersed, 3) solidification-melt range is 
greatly expanded, 4) there is little segregation of alloy 
additives, etc. With materials molded under heat, abra- 
sion and heat resistance are improved and it is possible 
simultaneously to reduce the linear swelling coefficient. 


For injection dies which are subject to high pressures, an 
essential condition is good mechanical strength. The trial 
production die had a tensile strength of 28 kg/mm?. 
Because the tensile strength required is 10 kilograms, 
this is a value which is quite satisfactory in terms of 
properties. 


Furthermore, its linear expansion coefficient is three- 
quarters that of 7075 and in part because dimensional 
errors under rising temperatures are reduced, it will be 
possible simultaneously to solve problems surrounding 
low carbon steels and aluminum alloys. 


Techniques for Joining Cu Foil to AIN Substrates 


43067183f Tokyo NIKKEI SANGYO SHIMBUN in 
Japanese 4 Jul 89 p 19—FOR OFFICIAL USE ONLY 


[Text] Dowa Mining has developed techniques for 
joining sheet copper (foil) to aluminum nitride sub- 
strates which are expected to become the next generation 
semiconductor substrate. The two substances have 
widely different thermal expansion rates, so even if 
joined, they have had the problem of peeling easily. 
Dowa solved the problem by developing three types of 
joining methods on their own. They have established a 
system which responds to requirements with a joining 
method suited to the use and they have begun sending 
out samples of copper joined to aluminum nitride for use 
in hybrid IC. 


There were three types of joining methods developed: 1) 
a method which directly joins the aluminum nitride and 
copper foil, 2) a reactive metal method in which the 
metal is bonded as a solder, and 3) a plating method in 
which a copper film is formed on the substrate by 
plating. With the direct joining method, special pro- 
cessing is performed on the surface of the aluminum 
nitride and upon having transformed it to alumina 
(aluminum oxide), they are joined by applying pressure. 


With the reactive metal method, they were successful in 
bonding copper and aluminum nitride with their own 
combination of metal components. With the plating 
method, by performing a special pretreatment, they were 
able to form a copper film about 20 microns thick on the 
aluminum nitride substrate which ordinarily cannot be 
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plated. The direct joining and reactive metal methods diamctcrs of several thousand angsiroms and smaii ones 
will be sold for high current uses and the plating method tens of angstroms, with lengths a maximum of 100 


S 
for all others. 


At the present time aluminum is generally used for 
semiconductor substrates, but because aluminum nitride 
substrates have low expansion rates and outstanding 
heat sinking characteristics, they are receiving much 
attention as the next generation substrate. However, in 
cases such as hybrid IC where semiconductors compose 
circuits on substrates, highly conductive metals must be 
joined to them. Because this kind of joining method has 
not yet been perfected for copper, at the present time 
high priced silver/paladium paste is screen printed. 


By being able easily to join copper foil, Dowa Mining has 
shown that it is possible to expect major reductions in 
cost. While listening to users and preparing for the time 
when aluminum nitride substates have entered the uni- 
versal stage, they will proceed in the future with further 
improvements in joining methods. 


Update on Applications for Ceramic Fiber 
Reinforced Materials 


43067197a Tokyo NIKKAN KOGYO SHIMBUN in 
Japanese 8 Aug 89 p 14—FOR OFFICIAL USE ONLY 


[Text] It is composite materials which have made pos- 
sible capabilities which have been unattainable with 
existing materials. Among these, composite materials 
using ceramic fiber reinforcement are considered to be 
advanced composites and have contributed greatly to the 
increase in high performance in materials. Up to now 
research has been actively pursued in the areas of FRP 
(fiber reinforced plastics) using continuous silicon car- 
bide and alumina fibers, FRM (fiber r- ‘nforced metals), 
and FRC (fiber reinforced ceramics) and now there are 
thriving practical level developments in relatively new 
type fibers and whiskers such as silicon nitride and 
titanium diboride and also in high purity alumina long 
fibers. Because they characteristically possess strength 
and heat resistance which are lacking in existing mate- 
rials, expansion can be expected in the area of fiber 
reinforced composites and with this it appears that there 
will be wide-ranging application development in various 
industrial fields. 


First of all, among materials which are under research 
but which are nearing practical use stages, there is much 
interest in titanium diboride whiskers which were devel- 
oped by the Science and Technology Agency’s National 
Research Institute for Metals (NRIM). Titanium 
diboride has a melting point of 3000°C and a hardness of 
3400 kg/mm’. Another property is an electrical conduc- 
tance slightly less than that of copper. Titanium diboride 
is thus a semimetal with a high melting point, high 
hardness, and high conductance. 


Although titanium diboride crystals have been available 
up to now as powders, bulk monocrystals, and thin films, 
for the first time in the world the NRIM has developed 
whiskers. As to the size of the whiskers, large ones have 


eee ewe wea 


In regard to methods of manufacturing titanium 
diboride whiskers, it has become possible to produce 
whiskers by developing hand-made CVD (chemical 
vapor deposition) crystal growth equipment and using 
nickel/titanium alloy micropowder as catalyst. In 
looking at electron microscope pictures, the whiskers 
grow by intermingling in random directions, selectively 
only in those parts above the base where there is catalyst. 
In this form there are both straight and curved ones, but 
as a result of electron diffraction, they have been able to 
confirm that they are monocrystals. 


Whiskers have to be wettable in matrices. On the other 
hand the whisker and matrix interaction has to be 
chemically stable without chemical reaction or interac- 
tive diffusion. Ceramic whiskers such as alumina and 
silicon carbide generally have poor wetting characteris- 
tics with metals. On the other hand because metal 
whiskers are degraded by interface reactions with metal 
matrices, their value to industry is not always very high. 
Titanium diboride has properties which are intermediate 
between the two and while it has adequate wettability 
with metals, it is chemically stable. 


Consequently, titanium diboride whiskers can not only 
be employed in dispersed whisker reinforced alloys, but 
usefulness in dispersed whisker reinforced ceramics is 
also expected. Moreover, by taking advantage of their 
special characteristics as short fibers, they will also be 
used as metal composites in the improvement of abra- 
sion resistance in high temperature tools. As ceramic 
composite materials they will also be able to play a role 
in giving ceramics electrical and thermal conductivity 
and improved toughness. 


Tonen Seikyu Kagaku 


As a part of its expansion into new fields of operation, 
Tonen Seikyu Kagaku has worked on the research and 
development of silicon nitride fibers which have high 
strength heat resistance. Silicon nitride has outstanding 
heat resistance of course, but it also has abrasion, 
impact, and corrosion resistance and so is often used for 
heat resistant and abrasion/corrosion resistant products 
in automotive engine parts. 


Only some businesses in the United States including 
Dow Corning are conducting R&D on silicon nitride 
fibers and few have reached the point of finished prod- 
ucts. Tonen has developed composites using silicon 
nitride fibers as reinforcement and also composites using 
the precursor polymers which are the silicon nitride raw 
materials for matrices and has begun sending out sam- 
ples. 


The silicon nitride long fibers developed by Tonen have 
a tensile strength of 250 kg/mm’, a tensile elasticity of 25 
tons, and a maximum continuous utilization tempera- 
ture of 1200°C. These properties exceed those of the 
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products of Dow Corning which is the leader in this 
department. They have received high marks regarding 
these fibers from a U.S. fact finding group. They have 
been approached with a number of inquiries, principally 
from R&D organization and aerospace manufacturers 
and at the present time they are continuing to establish 
joint research with some businesses and research orga- 
nizations. 


Shikoku Chemicals Corporation 


The “aluborex” alumina-type whiskers which Shikoku 
Chemicals developed jointly with the Government 
Research Institute, Shikoku have a high melting point of 
1440°C, excellent heat resistance, and a tensile elasticity 
of 40 tons/mm?, almost as good as that of silicon carbide. 
Aluborex is aluminum borate whiskers. In the United 
States, there has been active research into aluminum 
borate whiskers since the 1960's, but because microfine 
products have not been obtained and income has been 
low, they have not been commercialized. 


Two years ago Shikoku Chemicals and GIRI, Shikoku 
hegan research into aluminum whiskers using the flux 
method and recently for the first time they succeeded in 
synthesis. For raw materials in the manufacture of the 
whiskers, they used aluminum salis as the material 
supplying aluminum, boric acid as the material sup- 
plying boron and alkali metal salts as the flux compo- 
nent. They have targeted mass production with a method 
in which these raw materials are mixed together, reacted 
at 1000° to 1200°C, and then the fibers are extracted by 
filamentation with water. 


Although their most important feature is the fact that 
they have outstanding properties including strength and 
heat resistance, their major appeal is the fact that their 
price is low, ¥ 3,500/kg. Because the price for silicon 
carbide is ¥ 30,000 to ¥ 60,000 per kilogram, they have 
major economic advantages for users. It is thought that 
they will be suitable for a wide range of uses where 
silicon carbide and silicon nitride whiskers cannot be 
used because of their high prices and they are hoping for 
sales of ¥ i billion after 3 years. 


Mitsui Mining 

Mitsui Mining has developed “alumax” alumina long 
fibers which have an alumina purity of more than 99.5 
percent. They have begun sending out samples. These 
fibers characteristically have tensile strengths of 180 
kg/mm’, tensile elasticities of 33,000 kg, and heat resis- 
tance temperatures of 1400°C. Their tensile elasticities 


in particular exceed those of existing long alumina fibers, 
10,000-20,000 kg. 


With the alumina long fibers, short fibers have a market 
of several hundred tons per year and there are many 
participating businesses. However, there are many tech- 
nial problems relating to the long fibers and there are few 
businesses participating in Japan. Conditions are such 
that even the yearly market of 100 tons is not being 
satisfied. Having set a goal of solving the technical 
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problems in the manufacturing process, Mitsui Mining 
has managed to create a product. 


Silica is not used in the long fibers at al! and the alumina 
purity is high, more than 99.5 percent. The adding of 
components in place of silica to control the crystal 
growth is their strong point. By greatly improving purity, 
they have been able to increase thermal resistance tem- 
peratures to 1400°C and they remain extremely stable 
even in high temperature oxidizing atmospheres. 
Because they have outstanding electrical insulating char- 
acteristics with high strength and high elasticity, devel- 
opment is continuing into uses as flame-proof adiabatic 
materials for high temperature domains and as reinforce- 
ment for metals and plastic to be used in sports equip- 
ment, electronic structural materials, fuel cells, aircraft, 
automobiles, and machinery. 


The price of the samples being sent out is ¥ 7,000- 
8,000/kg. They say that with mass production, it will be 
possible to reduce costs further. Silicon carbide long 
fibers are competing fibers, but in terms of cost these 
alumina long fibers have the advantage. In cooperation 
with Kanebo. they have developed various types of 
fabrics based on these fibers, including plain fabrics, red 
fabrics, and twills and were also successful in the trial 
production of paper. 


Mass Production Techniques for Large Synthetic 
Diamond Monocrystals 


43067197b Tokyo NIKKAN KOGYO SHIMBUN in 
Japanese 1 Aug 89 p 2I—FOR OFFICIAL USE ONLY 


[Text] Sumitomo Electric has established mass produc- 
tion techniques for large synthetic diamond monocrys- 
tals of 5 to 9 carats and a centimeter in diameter. On the 
basis of advanced control techniques which make pos- 
sible the maintainance of fixed synthesis conditions, 
high temperatures and superhigh pressures for long 
periods of time, they succeeded, with excellent reproduc- 
ibility, in synthesizing large diamond monocrystals with 
few impurities. In contrast to existing diamond products 
with edge lengths of 4 x 4 mm and heights of | mm, with 
this diamond they have been able to produce 8 x 8 mm 
edge lengths and heights of 3 mm. They have also 
achieved large reductions in costs, to approximately 
one-third the price of natural diamonds. Against a back- 
ground of rapidly increasing demand for large sized 
diamond monocrystals for bonding seals and heat sinks, 
they expect yearly sales of ¥ 200 million. 


Among substances, diamonds have many special charac- 
teristics such as maximum hardness and outstanding 
heat conductance and so they are widely used in indus- 
trial applications. However, there are problems with 
large natural diamonds in that they are hard to obtain 
and are extremely high priced. By expanding upon 
existing synthesis techniques, Sumitomo Electric here 
established mass production techniques which will make 
possible the steady synthesis of large synthetic diamond 
monocrystals in the | centimeter class with quality as 
good as that of existing products. Although South 
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Africa’s DeBeers has successfully synthesized a large 
diamond of 11 carats, the synthetic diamond here is the 
largest ever mass produced. 


The synthetic diamond monocrystal is flat and square 
shaped and was produced at high temperature and 
superhigh pressures of 50,000 to 60,000 atmospheres. 
They were able to strive for increased size in diamond 
monocrystals by maintaining fixed pressures and tem- 
peratures for long periods of time extending to 200 
hours. 


Sumitomo Electric is the sole manufacturer of diamond 
monocrystals and because they have been able to supply 
products only up to the 4 mm edge size, it has been 
difficult to bring bonding seals larger than this into 
practical use. By using the | centimeter class diamond 
here, products as large as 8 mm sizes will become 
possible. 


In regard to heating uses, with improvements in perfor- 
mance in the latest semiconductor lasers, there has been 
a remarkable demand for large diamond heat sinks. By 
using these large diamonds, it will become possible to 
supply heat sinks with lengths as long as 12 mm, prod- 
ucts which up to now could not be manufactured with 
edge lengths longer than 4 mm. They have also begun 
producing materials for diamond scalpels for surgery, 
infrared windows which include laser light, etc. 


High Elasticity PAN Carbon Fibers Developed: 
Toray 


43067197¢ Tokyo NIKKEI SANGYO SHIMBUN in 
Japanese 12 Jul 89 p 19—FOR OFFICIAL USE ONLY 


[Text] Toray Industries has developed a new material, 
“Toreka M60J” (product name) with the highest elas- 
ticity for PAN (polyacrylonitrile) carbon fibers. Because 
they are strong, dense fibers, they can be procesed into 
very competitive products when impregnated with epoxy 
resins. They are intended for composites for high quality 
fishing rods, satellites, etc. This autumn they are plan- 
ning a product line expansion which includes a 50 
percent increase in their production capacity for carbon 
fibers, to 2,250 tons per year. 


The M60J’s elasticity against pressure in the tension 
direction is 60,000 kg/mm’. This is an increase of 
approximately 10 percent over the existing product with 
the highest value (M55J). With carbon fibers, when 
elasticity is increased, tensile strength is lowered and it is 
considered difficult to balance both of these at high 
levels. With M60J they maintained strength at 390 
kg/mm?. 


Although produced by firing raw acrylic fibers, they 
increased elasticity in M60J by maintaining firing tem- 
peratures of 2000° to 3000°C thus forming a special 
molecular crystal arrangement called “random layer 
structure.” Toray is proceeding with product develop- 
ment in three areas: the T series of high temperature 
types, the M series for high elasticities, and the MJ series 
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which encompasses both. They have ranked M60J as the 
‘leading product” in the MJ series. 


in regard to specific uses they have begun to send out 
samples of materials to be used in fishing rods and golf 
club shafts. They say that they will be able to process 
them into long, slender fishing rods and that fish strikes 
will be sensitively transmitted. The final price for a rod 
for sweetfish fishing will be more than ¥ 200,000 per rod. 
They will also sell sport related uses including tennis 
rackets and bodies for racing cars. In industrial applica- 
tions because its products are thin, they expect demand 
in areas such as satellites where light weight is required. 


They will set M60J prices at ¥ 300,000-500,000/kg for 
3,000 filaments (long fibers) per yarn and ¥ 200,000- 
300,000/kg for 6,000 filaments per yarn. This is fairly 
high compared to T300, an ordinary high temperature 
product, which is no more than ¥ 10,000. Although they 
have achieved elasticities of 80,000 kg/mm? with the 
pitch-type carbon fibers used as concrete reinforcement, 
they say that M60J is an improvement in terms of tensile 
and compression strengths. 


Polyimide Stronger Than Steel Developed: 
Research Association for Basic Polymer 
Technology 


43067197d Tokyo NIKKEI SANGYO SHIMBUN in 
Japanese 12 Jul 89 p 5—FOR OFFICIAL USE ONLY 


[Text] The Research Association for Basic Polymer 
Technology has developed a polymer materi?! which has 
a higher tensile strength than steel. It is an improved 
polyimide which is known as a heat resistant resin and 
although it can only be made into yarn at the present 
time, because it is easily molded into compacts, at the 
production stage they will have the ability to produce 
items such as sheets. Its density is approximately one- 
fifth that of steel and it is thought to have good prospects 
as a structural material in aircraft, etc. 


In the same way as existing products the polyimide 
developed here is made by synthesizing the organic 
substances “acid anhydride” and “diamine” which has a 
ring structure. Polyimides generally have good rigidity 
and heat resistance, but they successfully improved both 
of these properties by using a new diamine with sulfur 
incorporated into a part of its ring structure. 


The new polyimide has a tensile elasticity, one of the 
measures of strength, of 220 giga-Pascals (giga means | 
billion and the Pascal is a unit indicating elasticity), 
considered an inprovement over steel’s 200 giga-Pascals. 
Although it does not have the flexibility of metals, they 
say that its properties are adequate for aircraft materials. 


In order to actually use it as a structural material in 
aircraft, it will be necessary to mold it into sheets. The 
United States is pushing ahead with the development of 
strong plastics and they have already molded mem- 
branes from different polyimides. The new polyimide 
developed here is difficult to form, but sheet molding is 
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considered possible because it is easy to form when the 
“polyamide acid” which is an early stage of the poly- 
imide is dissolved with a solvent. 


Furthermore, when the sulfur in the diamine is replaced 
by oxygen, it is thought that substances can be produced 
which have good heat resistance with more rigidity and 
they are investigating these properties. 


Amorphous Carbon Films Using Polycarbo- 
diimide Developed 


43067197e Tokyo KAGAKU KOGYO NIPPO in 
Japanese 14 Jul 89 p 4—FOR OFFICIAL USE ONLY 


[Text] By establishing manufacturing techniques for new 
amorphous carbons based on nitrogenous, aromatic 
polycarbo-diimide resins, Nisshinbo Industries has 
moved into the carbon molding materials field with not 
only various types of films, but also pipes and con- 
tainers. The new material has not only outstanding heat 
resistance, mechanical strength, and flexibility (elastic- 
ity), but also gas barrier and liquid isolation character- 
istics and for the first time in the world they succeeded in 
developing very thin, flexible carbon films. They will 
first work on sending out samples of uses developed for 
fuel cell separators, electrode materials, and the high 
temperature heat generator field and they plan to 
develop their operation and establish a mass production 
system 2 years from now. 


With the cooperation of H. Hashimoto, assistant pro- 
fessor at Tokyo Institute of Technology, the manufac- 
turing techniques were established through the develop- 
ment of carbon films that were both flexible and very 
strong. With this new carbon, it is possible to form sheets 
or films 10 to 1,000 microns thick. Thin products are 
flexible like ordinary plastic and very thin films 10 
microns thick can be bent into curvatures of about 5 
millimeters. 


In contrast to existing carbon sheets which are produced 
by hardening graphite micropowders using binder resins 
and then firing them, for these carbon films, polycarbo- 
diimide and nitrogenous polymers with high carbide 
yields are made into films and then fired and carbonized 
in shapes which form highly bridged structures. In this 
way it is possible to form materials which are finely 
Structured, strong, and have outstanding gas barrier 
characteristics. Their principal characteristics are as fol- 
lows: density, 1.67 g/cm?; gas permeability, 3.3 x 10° 
cc/min/cm?; tensile strength, 50 kg/mm’ (0.01 mm film); 
Young’s modulus, 3,000 kg/mm‘*; electrical resistivity, 
0.004 ohms/cm. 


Nisshinbo Industries plans to intensify its development 
of applications as fuel cell separator., various electrode 
materials, high temperature heat generators, and X-ray 
permeable films, uses which take advantage of their 
special characteristics as films. However, they have also 
successfully developed molding materials for items such 
as pipes and containers and they have begun to send out 
samples. 
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Metal Short Fibers Produced by Vibration Cutting 
43067197f Tokyo NIKKEI SANGYO SHIMBUN in 


Toe ae Fae SRA tr 
Japanese 12 Jul 89n 8 FOR OFFICIAL USE ONL: 


[Text] Making use of phenomena called “chatter vibra- 
tions” which are produced during the cutting of metals, 
a Japanese technique for producing metal short fibers is 
expanding both here and abroad. This technique was 
developed by Professor T. Nakagawa of Tokyo Univer- 
sity’s Institute of Industrial Science and it is being 
commercialized through the offices of the Research 
Development Corporation of Japan (JRDC). Six Japa- 
nese companies have used it on a commercial basis and 
licensing agreements have been concluded with three 
overseas Companies. 


When short fibers made of metal are added to plastics or 
ceramics, they produce composites such as electromag- 
netic shield materials, abrasion resistant materials, and 
conductive materials. Heretofore, short fibers have been 
obtained by drawing metal out finely and then cutting, 
but Professor Nakagawa developed a new manufacturing 
method upon discovering that short fibers with uniform 
dimensional accuracy can be very easily produced by 
taking advantage of inherent vibrations generated when 
metals are cut. 


JRDC assists in taking outstanding techniques produced 
by university and government research organizations 
and bringing them into actual use. They noticed this 
technique and are acting as go-between with businesses. 
According to JRDC, six companies in Japan including 
Kobe Cast Iron Works and Aisin Seiki have introduced 
the technique and are using it on a commercial basis. 
Among foreign companies West Germany’s Furukan- 
Hallex recently joined Kulebuzege in West Germany and 
Chirotto in Australia in concluding licensing agree- 
ments. 
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Method for manufacturing metal short fibers using the 
chatter vibration cutting method 


Key:—I. Material to be processed—2. Rotation—3. 
Short fibers—4. Elastic tool—5. Motion 
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Japanese businesses are bringing Professor Nakagawa’s 
technigue into actus! use and aie adding culancements 
suitable to each of their application goals. Patents are 
being jointly held by the companies and JRDC. Furukan 
Hallex which recently concluded an agreement was pro- 
vided with expertise on production techniques by Kobe 


Cast Iron Works and they say that for the most part they 
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plan to manufacture and sell materials for antamohils 
orake pads. 












The term of the agreement is 10 years and Furukan intends 
to supply Japanese automobile manufacturers expanding 
into Europe. In addition they have proposed the idea of 
attempting to manufacture concrete/metal composites and 
the development of new applications is expected. 
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Digsyutuesized, DivdegradaDie Fiastics 
43063064a Tokyo NIKKEI SANGYO SHIMBUN in 
Japanese 31 May 89 p 5—FOR OFFICIAL USE ONLY 


[Text] The research group of Assistant Professor Yoshi- 
haru Doi at the Resource Chemical Research Institute of 
Tokyo Institute of Technology developed a new bio- 
plastic material that could be microbiologically pro- 
duced and decomposed. The new plastic is easier to 
fabricate and more readily degradable than previous 
bioplastics. The new material is expected to be a prom- 
ising substitute for existing universally available syn- 
thetic organic plastics that is a cause for environmental 
pollution because they are not degradable in nature. 


The developed bioplastic is made by feeding two organic 
acids to hydrogen bacteria, a kind of microorganism. In 
nature, the bacteria »yroduce a polyester in tneir bodies 
similar to human synthesizing fats to store energy. 
Taking advantage of this property, Assistant Professor 
Doi’s group was able to synthesize a bioplastic with 
excellent thermoplasticity and degradabiliiy by selecting 
the appropriate nutrients fed to the bacteria. 


In a putrefaction experiment, the group buried thin films 
of the bioplastic in soil and found the films decomposed 
in six week’s time, on the average. 


Similar tests were conducted with the already commer- 
cialized bioplastic material, but it was not decomposed 
as fast as the newly developed material. The rate of 
biodegradation is said to be controllable by selecting a 
combination ratio of the nutrients given to the bacteria 
for the production of the plastic material. 


According to the research group, the new bioplastic is 
uniquely amenable to molding fabrication. The melting 
point of the plastic can be 100°C, making it possible to 
mold the plastic by heating. Because the melting point of 
the current bioplastic is 180°C, it cannot be molded and 
its usefulness has been limited. 


KHK Improves L-Tryptophan Productivity 


43063064b Tokyo NIKKEI SANGYO SHIMBUN in 
Japanese 3 Jun 89 p I—FOR OFFICIAL USE ONLY 


[Text] Kyowa Hakko Kogyo Co., Ltd. (KHK), success- 
fully improved the previous productivity of L- 
tryptophan (LTrp), one of the essential amino acids, via 
fermentation by approximately 50 percent. The 
improvement was achieved through genetic recombina- 
tion of a LTrp-producing microorganism. LTrp is one of 
the amino acids (essential amino acids) that animals 
cannot synthesize in the body and must take in from 
foods. Several companies are keenly competing to 
market this amino acid as an additive for animal feeds. 
If the productivity is further improved and the cost can 
be lowered, a large market for animal feeds can be 
expected. (See “Industrial Glossary” for L-tryptophan.) 
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Amino acids can be produced by chemical synthesis or 
microbiologically. The microbiological methods are fur- 
ther classified into three: (1) the fermentation method to 
directly produce amino acids by a microorganism from 
molasses, (2) the precursor fermentation method to 
convert an amino acid intermediate to amino acid by a 
microoiganism, and (3) the enzymatic method to con- 
vert chemical synthesis raw materials to an amino acid 
by an enzyme. 


Because amino acids are an :mportant nutrient for 
microorganisms, natural microorganisms are equipped 
with several control mechanisms to be able to produce 
appropriate amounts of amino acids. The fermentation 
method takes advantage of the mechanisms. Except for 
the industrial production, amino acids must be produced 
in excess by somehow removing the control mechanisms. 


KHK combined mutation and genetic recombination to 
simultaneously remove several control functions from 
an Lirp-producing microorganism called corine bacte- 
rium glutamicum and improved the previous produc- 
tivity by 50 percent. In 80 hours, 43 g of LTrp per liter of 
culture solution was produced. 


LTrp is also being produced by Showa Denko K.K. using 
the precursor fermentation method, and by Mitsui 
Toatsu Chemicals, Inc. using the enzymatic method. 
Even though the potential market for LTrp is huge, the 
current demand is still small because of its high price. 
Today, it is sold at ¥ 4,000 to ¥ 5,000 per kg, but “The 
key for drastic market expansion is whether the price 
comes down below ¥ 2,000,” according to KHK. It 
appears that in the future, the competition to cut pro- 
duction cost down will become increasingly stiffer. 


Faster Biological Tissue Microanalysis 


43063064c Tokyo NIHON KOGYO SHIMBUN in 
Japanese 5 Jun 89 p 17—FOR OFFICIAL USE ONLY 


[Text] The joint research group from Tsukuba Univer- 
sity and the High Energy Physics Research Institute 
(HEPRI) (Director: Mr. Hirotaka Sugahara), the Min- 
istry of Education, used strong X-rays in synchrotron 
optical radiation (SOR) and developed a method to 
determine the distributions of microquantities of ele- 
ments contained in biological tissues. The method will 
permit the simultaneous determinations of two- 
dimensional distributions of more than one element 
without destroying the biological material. Another 
advantage of this method is that it requires exceptionally 
shorter time than previous analytical methods. 


The new analytical method was developed by the joint 
research group consisting of Lecturer Izumi Nakai at the 
Chemical Department and Assistant Professor Nobuhiro 
Shimojo at the Social Medicine Department of Tsukuba 
University, and Assistant Professor Atsuo lida at 
HEPRI. They used the SOR facility at HEPRI to «arry 
out experiments. 
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An atom is made of a nucleus and electrons that orbit 
around the nucleus. 


When X-rays hit an atom, a part of electrons around the 
nucleus are ejected off their orbits to create holes in 
them. When the atom tries to regain its original state, 
X-rays (fluorescent X-rays) of a wavelength unique to the 
element are emitted. 


By measuring the intensity of these X-rays, the identifi- 
cation and the concentration of each element were 
determined. Because the X-rays used to irradiate a 
sample are brought together to form a beam of from 0.5 
to one mm in diameter, the concentration distribution of 
each element in the sample can be found by scanning the 
entire sample with this X-ray beam. 


The concentration of a light element can only be mea- 
sured in a vacuum, but the concentration of any element 
with its atomic number greater than calcium’s can be 
measured in air. 


It takes roughly three hours to do the measurements with 
the new method, while it had previously taken nearly a 
month to do the same work. 


Continuous Bioreactor for Mandelic Acid 


43063064d Tokyo NIHON KOGYO SHIMBUN in 
Japanese 8 Jun 89 p 18S—FOR OFFICIAL USE ONLY 


[Text] The Fermentation Research Institute (Director: 
Tomoo Suzuki) of the Agency of Industrial Science and 
Technology developed a bioreactor (biological reaction 
vessel) to continuously produce mandelic acid which is 
used as an intermediate for an antibiotic substance. 


Mandelic acid has two optical isomers, called R and S 
types, respectively, which have the same chemical struc- 
ture but different stereostructures. When synthesized 
chemically, a 50-50 mixture of the two mandelic acid 
isomers is produced. However, by using the new biore- 
actor, only the R type, which can be used as a drug, is 
produced. Future plans include the development of low 
cost synthesis of raw materials and an efficient concen- 
tration method for produced mandelic acid. 


The reactor is cylindrical in shape with a 16 mm diam- 
eter and 180 mm in length. It is packed with a gel 
containing two kinds of entrapped enzymes. 


One of these enzymes in the gel works with a coenzyme 
to convert benzoyl formate to mandelic acid, and the 
other enzyme regenerates the coenzyme. 


The reactor is capable of converting benzoyl formate to 
mandelic acid at a yield of greater than 99.9 percent. 


Mandelic acid, that was extracted from the outflow 
solution of the reactor, was checked for its optical purity 
and was found to contain more than 99.9 percent of the 


R type. 


Mandelic acid can be chemically synthesized but only in 
the form of a racemic mixture of the R and § types. 
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New Micromanipulator for Biotechnology 


43063064e Tokyo NIHON KOGYO SHIMBUN in 
Japanese 8 Jun 89 p 17—FOR OFFICIAL USE ONLY 


[Text] Assistant Professor Toshiro Higuchi’s research 
group at the Industrial Technology Research Institute of 
the University of Tokyo, in cooperation with Prima 
Meat Packers, Ltd., developed a new micromanipulator 
for biotechnology research. This manipulator uses a 
piezoelectric device and is capable of cleaving an ani- 
mal’s fertilized egg and replacing nucleic acids in the cell. 
Compared with previous micromanipulators using 
hydraulic or electromagnetic force, the new ' -anipulator 
moves its needle so smoothly that an egg will not be 
damaged. Also, its mechanism is so simple that it is 
possible to make the device much smaller and at a lower 
cost than before. This manipulator will be shown to the 
general public on 8 and 9 June 89 at the Institute. 


To use a biotechnological micromanipulator, it is set 
near the stage (sample mount) of a microscope. A 
researcher, while looking at a microscopically magnified 
image of, e.g., a fertilized egg on a monitor, moves the 
microneedle of the manipulator to do all kinds of oper- 
ations on the cell. 


Existing manipulators use a hydraulic system and the 
needle manipulation tends to be rough; thus, “masterful 
skill” is needed to manipulate the needle with precision. 
Electromagnetic manipulators, with better precision 
than the hydraulic manipulators but priced at several 
million yen apiece, require two large drive devices, one 
meter square in base and several 10s cm in height each, 
to be set on both sides of a microscope. Furthermore, 
with the electromagnetic manipulators, it is difficult to 
squarely pierce an egg with the needle without inflicting 
excessive damages on the egg itself. 


In contrast, the newly developed manipulator uses a 
piezoelectric device that rapidly transforms when 
voltage is applied. The precision of the new manipulator 
in position determination is extremely fine at 0.1 micron 
(one micron is 1/1,000th of one mm), and the needle can 
be manipulated to squarely pierce an egg with no vibra- 
tion at all. 


The new manipulator comes in super-minisize, five cm 
in length, and four mm in diameter. It is possible to place 
the manipulator on the narrow stage of a microscope. Its 
price is expected to be not more than several hundred 
thousand yen apiece. 


Assistant Professor Higuchi requested Assistant Pro- 
fessor Kahei Sato’s Laboratory at the Agricultural and 
Veterinary Medicine Faculty of Nihon University to 
evaluate the new manipulator. The Laboratory per- 
formed manipulation experiments with two manipula- 
tors placed on the right and left sides to dissect a mouse’s 
fertilized egg of 70 microns in diameter and to do 
manipulations inside the egg. As a result, the Laboratory 
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confirmed that the new manipulator permitted the oper- 
ations of clean piercing and dissecting without any 
needle vibration. 


The commercialization of this manipulator will be han- 
died by Prima Meat Packers, Ltd., which is considering 
the development of a marketable product jointly with a 
precision machine manufacturer. 


New Cell-Smashing Method Developed 


43063064f Tokyo NIKKAN KOGYO SHIMBUN in 
Japanese 23 Jun 89 p 8—FOR OFFICIAL USE ONLY 


[Text] The research team of Taiyo Sanso Co., Ltd. 
(President: Mr. Genbei Kawaguchi), the Cell Experi- 
mental Center at the Agricultural Faculty, Kyoto Uni- 
versity, and the Tokyo University’s Applied Microbio- 
logical Research Institute, developed a new cell- 
smashing method. The new method involves the 
instantaneous freezing of plants and microorganisms 
with liquid nitrogen and the smashing of the frozen cells 
by blasting them against an impact plate. 


The smashing efficiency of the method was checked with 
coliform bacilli and it was found to be approximately 50 
percent more efficient than the previous methods 
including bacteriolysis. Also confirmed was the presence 
of few contaminants after smashing. Believing that a 
breakthrough was made with the newly developed 
method to be able to efficiently extract usefui substances 
inside the cell, the research group plans to begin experi- 
ments to purify the useful substances by using gene- 
altered cells. 


In order to biotechnologically mass-produce substances 
found only in microquantities, it is necessary to follow 
the procedures of first inserting to, for example, coliform 
bacilli the gene that produces a desired microquantity 
substance, culturing the bacteria, destroying the cultured 
cells, and extracting and purifying the substance in the 
cells. In the procedures, the method to insert genes has 
almost been established by the work of many 
researchers, but there are only a few methods, including 
one that uses glass beads to destroy cells and another that 
uses a chemical to dissolve cell walls, for the destruction 
of cultured cells. In 1984, the research team of Taiyo 
Sanso Co., Ltd.’s Technical Research Institute et al. 
began the research work to establish a new cell-smashing 
method and successfully developed the method by effec- 
tively using nitrogen gas. 


In the new method, cultured cells are placed in a vessel 
filled with liquid nitrogen to produce frozen granules of 
cells. The cell granules are blasted by nitrogen gas 
pressure from the tip of a spray nozzle against an impact 
plate. The impact smashes the cellular surface. The 
research team used a plant’s lavender cells for a 
smashing experiment and was able not only to efficiently 
extract a soluble enzyme in the cells but also to isolate 
the enzyme without destroying any mitochondria. 
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The next experiment dealt with coliform bacilli which 
are frequently used as a host for genetic recombination. 
The DNA (deoxyribonucleic acid) extraction efficiency 
was used as an index for cell smashing efficiency. The 
DNA extraction efficiency was 65 percent with the new 
method, whereas the cell dissolution method extracted 
only 40 percent of DNA. Also, it was noted that DNAs 
were not broken down by the smashing operation. From 
these results, the research team concludes, “The new 
method is promising as a cell smashing method.” 


Nippon Millipore Expands Biotech Devices 


43063064g Tokyo KAGAKU KOGYO NIPPO in 
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[Excerpts] The Waters Chromatography Business 
Department of Nippon Millipore Ltd. (Nippon Milli- 
pore) plans to reinforce and expand the biotechnological 
analyzer segment. To the main big seller of high pressure 
liquid chromatograph (HPLC), the department wiil soon 
introduce in the market a new system, that can analyze 
and isolate microquantities of saccharide chains and 
nucleic acids, exclusively for biochemical research, and 
add two more biological substance detectors to the 
product line. Nippon Millipore plans to emphasize its 
profile as a biotechnology support corporation by adding 
more weights on the biotechnological device segment, 
and to develop new customers by responding to a trend 
toward the fine specialization of research topics. 


Nippon Millipore, as a major supplier of HPLC systems, 
has previously tried to offer a complete line of appara- 
tuses and devices to meet the needs of every aspect of 
chemical research in general. However, biotechnology 
research has recently progressed so much that it has 
started to branch out for specialization. Today, not only 
universities but also some private enterprises have begun 
to do basic research concerning biological substances. 
Therefore, Nippon Millipore wants to emphasize the 
commercialization of apparatuses and devices to meet 
the demand by these researchers. 


The “W650 Protein System” has already been placed in 
the market by Nippon Millipore for the isolation and 
purification of large quantities of proteins in biochem- 
istry. However, this system is more or less a production 
system on an industrial scale. In contrast, the appara- 
tuses and devices soon to be introduced in the market 
have been developed to target the isolation and purifi- 
cation of microquantity components. 


The new system, “625LC System,” to be added to the 
main force of HPLC, has its flow passage system made of 
polyether ether ketone (PEEK), i.e., non-metal. In the 
previous non-metal system, teflon has been used. 
Because PEEK is more pressure-resistant (up to 280 kg) 
than teflon, the new system allows the free choice of a 
separation mode from ion exchange, hydrophobic chro- 
matograph, reverse-phase chromatograph and affinity 
chromatograph. This is the first non-metal system that 
permits such a selection. The system requires only a 
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small sample quantity with a flow of 0.01 to 5.0 ml/min 
and its analytical sensitivity is high. [passage omitted] 


Two New Calciuin-Bonding Proteins Found 


43063064h Tokyo NIHON KOGYO SHIMBUN in 
Japanese 13 Jul 89 p 13—FOR OFFICIAL USE ONLY 


[Text] The research group of Professor Yoshio Watanabe, 
the Biological Sciences Department, Tsukuba University, 
and Assistant Hisashi Takagi, the Science Faculty, Tohoku 
University, discovered two new types of calcium- bonding 
proteins, which are involved in the contraction of muscles, 
from a protozoa called ““Tetrahymenina.” 


Biological muscles have been known to contract through 
passing of calcium ions. The mediator for the exchange 
of calcium ions is the calcium-bonding protein. 


A calcium-bonding protein, called ‘“‘calmodeline,” has 
been known to be present in tetrahymena. However, the 
newly discovered proteins have different molecular 
weights and different primary structures from calmode- 
line’s. 


Tetrahymena is a protozoa living in ponds. Akin to 
paramecium, tetrahymena swims by moving many fine 
hair, called cilium, around the body. 


Because the complex motions of cilia could not have 
been explained by the work of only one type of calcium- 
bonding protein, the presence of another calcium- 
bonding protein was suspected and has finally been 
confirmed for the first time. 


Bioindustry Tax System for Bio-Business 


430630641 Tokyo NIKKEI SANGYO SHIMBUN in 
Japanese 5 Jul 89 p 1S—FOR OFFICIAL USE ONLY 


[Written by Reporter Yoichi Shinohara] 


[Text] Infrastructures (foundations) at an administration 
level have been briskly updated to cope with business 
development in biotechnology (life engineering). One 
typical example of that is the “Bioindustry Tax System,” 
which was enacted in the spring of 1989. The system 
aims at preferential tax treatment for a business organi- 
zation which installs a new bioreactor (biological reac- 
tion vessel). Both government and private sectors have 
high hopes of “instantaneously encouraging a biotech 
business organization’s desire to invest into new facili- 
ties.” However, there are some issues that must be 
resolved soon; e.g., the system’s conditions are still tough 
‘for a “facility” to qualify for the preferential treatment. 


System Unique to Japan 


Mr. Mitsuo Matsumoto, a technical official at the Bio- 
logical Chemical Industries Division, Basic Industries 
Bureau, MITI, shows confidence about the effects of the 
tax system by saying, ‘No other country but Japan offers 
such a preferential tax system in the biotechnology field. 
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According to a rough estimate by MITI, approximately 
60 applications will be approved for the preferential 
treatment during FY89.” 


On | April 1989, the “Bioindustry Tax System” was 
established by attaching the provision of the “high- 
performance biological catalytic reactor” to the Eco- 
nomic Society Energy Infrastructure Reinforcement 
Investment Promotion Tax System. When a bioreactor, 
which meets the conditions specified in the new tax 
system is newly installed, the installing organization will 
be entitled to a privilege of either (1) the income tax or 
corporate tax abatement by an amount equivalent to 
seven percent of the standard gross income from the 
target facility (75 percent of the cost of acquisition of the 
facility) or (2) the special write-off by adding an amount 
equivalent to 30 percent of the facility’s standard gross 
income to the busines. expenditure as a refund. 


For example, if a corporation acquires a bioreactor for 
¥ 1 billion (including the reactor’s price and the instal- 
lation expenses, excluding the land cost) and elects the 
privilege (1) above, the corporation is entitled to deduct 
¥ 52.5 million from its corporate tax. It is said that it will 
be more advantageous for a corporation, which is using 
a constant amount method for depreciation, to take the 
option (1) above, i.e., tax abatement, if the facility’s life 
is around 10 years, or to take the option (2) above, i.e., 
special write-off, if the facility’s life is longer than 10 
years. The tax abatement is generally more beneficial for 
those organizations which are using the constant tax rate 
method. 


An organization, which wishes to benefit from the Bio- 
industry Tax System, must apply to a local tax office in 
March 1990 when a final income tax return is filed. 
MITI estimates ‘the total investment for all the facilities 
which qualify under the System's provisions to be 
approximately ¥ 5 billion.”” By simple calculation, the 
entire industrial community will save ¥ 262.5 million of 
taxes in a year. 


Highly Appreciated by Industry 


The majority of the biotechnology-related industrial 
community including the food and pharmaceutical 
industries, has voiced highly positive comments con- 
cerning the introduction of the new tax system, as Mr. 
Mamoru Kihata, Head of the R&D Headquarters, 
Kyowa Hakko Kogyo Co., Ltd., remarks, “This is the 
significant first step for biotechnology to leap to the 
commercialization stage.”” He continues, ‘““Those enter- 
prises which have newly started activities in biotech- 
nology and which have previously hesitated to invest for 
facilities are expected to make up their minds all at once 
to make the investment.” 


However, “We hope that the actual administration of 
preferential treatment will be carried out with some 
flexibility,” adds Mr. Kihata, implying the tough quali- 
fications for a bioreactor to be covered by the new tax 
system. 
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To receive the preferential treatment, an enterprise 
needs to install an all new “five-piece” set of equipment 
by the end of March 1990; the equipment includes a 
“substrate mixer,” to blend raw materials, a “biological 
catalytic reactor,”’ a “separator,” to isolate a product, a 
“solution metering pump,” and an “exclusive, automatic 
controller,” to automatically control temperature and 
hydrogen ion concentration (pH). 


Regardless of the cost, the law will not appuy if only a part of 
the equipment is changed to a new one. It is estimated that 
approximately one fourth of the enterprises planning to 
build or add facilities will receive the preferential treatment. 
Therefore, some people say, ““The new system may not be as 
advantageous to the senior member corporations in the 
biotechnology industry as originally thought.” 


Applications to Other Industries 


Because the bioreactor uses a biological catalyst, such as 
microorganisms and enzymes, to cause chemical reac- 
tions, it is operated at the normal temperature and 
pressure; its energy conservation efficiency is also high. 
The energy requirement per unit production with a 
bioreactor is slightly more than 50 percent of that 
required for the reactions using a metal compound as a 
catalyst. Also, the wastes from the bioreactor are low in 
toxicity, and this fact should make the bioreactor more 
invaluable from the standpoint of environmental protec- 
tion. Potential applications of the bioreactor include the 
petrochemical industry in addition to the food industry. 


For the time being, this tax system will become invalid at 
the end of March 1990. However, MITI and the industry 
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Key: 1—Substrate mixer 2—Bioreactor 3—Separation 
device 4—Solution metering pump 5—Automatic con- 
trol device 6—Concentration device 7—Crystallization 
device 8—Heat exchange 9—Piping 10—Bioreactor 
System il—Substrate 12—Heaters 13—Reaction 
product 14—Product 15—Devices (1) to (5) can qualify 
for preferential treatment only when all of them are 
newly installed at the same time. 16—Any one of 
Devices (6) to (9) can qualify for the benefit only when 
installed at the same time Devices (1) to (5) are. 
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plan to urge the Ministry of Finance and other govern- 
ment agencies concerned to keep the system effective 
after that time. In order to update the infrastructures to 
be ready for the imminent biotechnology era, it is 
necessary not only to extend the effective time period for 
the system but also to relax the qualifications for facili- 
ties to gain benefits. In the future, further updating of 
infrastructures should be needed in the software area 
including R&D fund subsidy. 


MAFF To Start Plant Chromosome Project 


43063064) Tokyo KAGAKU KOGYO NIPPO in 
Japanese 19 Jul 89 p 9—FOR OFFICIAL USE ONLY 


[Text] The Ministry of Agriculture, Forestry and Fish- 
eries (MAFF) selected “Clarification of Sophisticated 
Information Manifestation by Plant Chromosomes” to 
be a new FY89 project for the biotechnology advanced 
technology seed-culture research. The project, a five-year 
plan, will start in September 1989. The seed-culture 
research program tackles basic research topics that are 
key factors to potentially clear the paths to advanced 
technologies. The new project will aim at making prac- 
tical applications of genetic recombination technology 
for plant breeding. Therefore, it is planned to clarify the 
mechanism of sophisticated information manifestation, 
i.e., the functions at a multi-gene and chromosomic 
levels rather than at a single gene level as done previ- 
ously, by presaring artificial chromosomes and inserting 
the chromosomes to miniprotoplast. 


Genetic recombination technology is expected to be prac- 
tically used as a means of breeding a new crop and of 
introducing a useful trait to a plant. In fact, genetic 
recombinant tobacco, tomato and potato plants have 
already been developed. However, it has thus far been 
found that the useful hereditary traits for practical crops, 
including yield, environmental resistance, and disease- 
insect resistances, involve many genes. Also, it has been 
pointed out that there is a limit in practical applications 
for the previous isolation and recombination of a single 
gene. 


The new project, “Clarification of Sophisticated Infor- 
mation Manifestation by Plant Chromosomes,” selected 
by MAFF for its biotechnology advanced technology 
seed-culture research program, is expected to explore the 
feasibility of biotechnological plant breeding. It will be 
achieved through the understanding and improvement 
of the mechanism of plant functions at a chromosome 
level, including the mutual adjustment and trait mani- 
festation control by multiple genes. 


According to the basic research plan, the project wiil be 
headed by Professor Emeritus Kaku Watanabe, Keio 
University, as Chief Examiner, who will be assisted by 
Mr. Fusao Motoyoshi, Head of the Molecular Breeding 
Department, the National Institute of Agrobiological 
Resources, MAFF, as Research Cooperator. The project 
will carry eight research topics; the titles and the 
researchers-in-charge are listed below. “Molecular Eluci- 
dation of the Mechanism te Combine Introduced Genes 
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with Chromosomes,” (Researcher-in-charge: Professor 
Yasunori Machida, the Science Faculty, Nagoya Univer- 
sity); “Clarification of Mutation Mechanism of Plant 
Chromosomes Caused by Metastatic Factors,” 
(Researcher-in-charge: Hisako Otsubo, Research Assis- 
tant, the Applied Microbiology Research Institute, 
Tokyo University); ‘‘Clarification of Sophisticated 
Adjustment Functions in Plant Genetic Manifesta- 
tions,” (Researcher-in-charge: Professor Masaki Iwabu- 
chi, the Science Faculty, Kyoto University); ‘*Clarifica- 
tion of Stabilization Functional Segment of Plant 
Chromosomes,” (Researcher-in-charge: Professor Mitsu- 
hiro Yanagida, the Science Faculty, Kyoto University); 
“Basic Research in Plant Recombination Technology 
using Artificial Chromosomes,” (Researcher-in-charge: 
Professor Takashi Ono, the Agriculture Faculty, Hok- 
kaido University); “Molecular Elucidation of Unique 
Structures at Meiosis of Plant Cells,” (Researcher- 
in-charge: Research Assistant Tetsushi Tabata, the Sci- 
ence Faculty, Nagoya University); ‘Clarification of 
Sophisticated Information Manifestation of Cyto- 
plasmic Heredity,” (Researcher-in-charge: Professor 
Tsuneyoshi Kuroiwa, the Science Faculty, Tokyo Uni- 
versity); and “Clarification of Stability of Chromosomes 
Inserted to Miniprotoplast,” (Researcher-in-charge: 
Assistant Professor Toshiyuki Nagata, Basic Biological 
Research Institute, Okazaki National Cooperative 
Research Organization). 


These topics contain the basic technology for the intro- 
duction of traits by multiple genes, and research results 
are expected to be noteworthy. Of particular interest are 
the molecular structure clarification of chromosome 
segments such as the spindle-fibers or centromeres, 
which are located in the center neck portion of chromo- 
somes and involved in mitosis, and telomeres, the stabi- 
lization factors; the preparation of artificial chromo- 
somes by combining these structural genes; and the 
insertion of chromosomes to miniproplast. 


Gene Recombination Developments 


Creating Freon-Degrading Microorganism (tab) 


43063554 Tokyo NIHON KEIZAI SHIMBUN in 
Japanese 2 May 89 p 13—FOR OFFICIAL USE ONLY 


[Text] Professor T. Kodama, et al. at the Faculty of 
Agriculture, the University of Tokyo will use recombi- 
nant DNA technology and begin research directed at 
creating microorganisms that efficiently degrade organo- 
chlorine pollutants such as freon which is allegedly the 
cause of ozone depletion. Their goal is to develop a 
bioreactor that can degrade freon by immobilizing the 
microorganisms created in the reactor and merely run- 
ning a polluted solution through it. 


As for a freon-degrading technology, the National 
Research Institute for Pollution and Resources of the 
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Agency of Industrial Science and Technology has devel- 
oped a method using high frequency plasma at above 
10,000°C. However, this is the first attempted applica- 
tion using microorganisms. 


The research group has already discovered an enzyme 
that degrades pollutants such as haloalkane, polychlori- 
nated biphenyl (PCB), etc. which are in the same class as 
Freon, and have finished genetic analysis as well. The 
plan is to determine the genetic region most closely 
involved with the degrading action and insert it into a 
different microorganism having a higher enzyme pro- 
duction capacity. 


They will also study the possibility of endowing micro- 
Organisms with even an stronger degrading action by 
changing part of the gene. They will select microorgan- 
isms which will not pose any safety problems such as 
yeast which are in use for sake brewing or bread produc- 
tion. Recombinants will be labeled in some way and 
traced for a long period of time to assure that they will 
not have any deleterious effects on the environment. 


In addition to bioreactors, they plan to study methods to 
use the newly created microorganisms to remove organic 
pollutants by mixing them with activated sludge which is 
being used in wastewater treatment, etc. However, since 
releasing recombinant microorganisms outdoors is not 
approved in Japan, their application target is focussed 
only on a closed system for time being. 


Of the organochlorine pollutants, Freon is frequently 
used for washing semiconductors or as a cooling medium 
in air conditioners, etc. and one of its component, 
chlorine, depletes the ozone layer in the upper atmo- 
sphere. Consequently, suppressing its release has become 
an urgent task. 


Prolactin Synthesis by Gene Splicing 


43063554 Tokyo NIHON KOGYO SHIMBUN in 
Japanese 2 May 89 p 12—FOR OFFICIAL USE ONLY 


[Text] The Research Institute for Polymers and Textiles 
of the Agency of Industrial Science and Technology 
successfully used recombinant DNA technology to syn- 
thesize the hormone, “prolactin,” which is reportedly 
effective in the treatment of infertility and lactation 
deficiencies. 


A fused gene combining the dihydrofolate reductase 
(DHFR) gene and the prolactin gene was inserted into an 
E. coli plasmid (extranuclear gene) to produce a DHFR- 
prolactin fusion protein in large scale. 


DHFR is an enzyme frequently used in the research and 
development of pharmaceuticals. The advantage of 
fusing the enzyme is that the product can be purified as 
much as 90 percent or more using commercial equip- 
ment. However, the product is not usable in the DHFR- 
ligated form, future research plans involve the develop- 
ment of a technique to separate the two proteins. 
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G-CSF Mass Production Permit Sought 


43063554 Tokyo NIKKEI SANGYO SHIMBUN in 
Japanese 10 May 89 p 17—FOR OFFICIAL USE 
ONLY 


[Text] Before the year-end, Chugai Pharmaceutical Co 
will apply to the Ministry of Health and Welfare (MHW) 
for a manufacturing permit for mass-producing granulo- 
cyte colony stimulating factor (G-CSF) by recombinant 
DNA technology. G-CSF is a glycoprotein which func- 
tions to enhance the immune system. Along with TPA 
(human tissue plasminogen activating factor) and EPO 
(erythropoietin), it is one of the biotech pharmaceuticals 
whose large-scale commercialization is expected. In 
Japan, Kirin Brewery-Sankyo Group, which imported 
technology from Amgen of the United States, is also 
pushing clinical trials aimed at a pre-year-end submis- 
sion of the application. Competition to gain the advance 
position is likely to become fierce between the two 
groups. 


G-CSF promotes the growth of neutrophile, a type of 
white blood cells involved with immunity and acts to 
enhance their functions. Chugai independently devel- 
oped a technique to mass-produce G-CSF by gene 
splicing technique using Chinese hamster carcinoma 
cells as the host and has been conducting clinical trials 
since 1987. 


The areas in which Chugai is currently conducting clin- 
ical trials include (1) congenital leukopenia, (2) prophy- 
laxis against infection for people with weakened resis- 
tance due to AIDS (acquired immune deficiency 
syndrome) infection, etc., (3) leukopenia which is side 
effect of anticancer drug therapy, (4) myelodysplasia 
syndrome, etc. 


Of these, the area of leukopenia which is a side effect 
anticancer therapy is especially promising. When the 
continued use of strong anticancer drugs is necessary as 
in the case of lung cancer, the normal white blood cell 
count of about 7.000 per | cubic millimeter in a healthy 
person decreases to as low as 2,000, lowering the 
immune response. Consequently, the use of anticancer 
drugs must be discontinued until the white blood cell 
count recovers. However, when G-CSF is used in con- 
junction, the decrease in leukocytes can be suppressed. 


They will compile data regarding several indications for 
use as determined in the clinical trials and submit 
applications to MHW before the end of the year. 


Chugai continues to compete with Kirin-Sankyo group 
for the practical application of G-CSF following EPO for 
which they submitted an application at the end of last 
year. Both groups use recombinant DNA technology; 
Chugai uses Chinese hamster carcinoma cells as the host, 
whereas the Kirin group uses E. coli. Chugai stated “Our 
manufacturing process using animal cells as the host can 
produce G-CSF which is closer to that produced by 
humans. 
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GRF Derivative Produced with E. Coli 


43063554 Tokyo NIHON KOGYO SHIMBUN in 
Japanese 11 May 89 p 14—FOR OFFICIAL USE 
ONLY 


[Text] Using recombinant DNA technology, the 
Research Institute for Polymers and Textiles of the 
Agency of Industrial Science and Technology (M. Suda, 
director) succeeded in making E. coli produce a GRF 
derivative, which has the same physiological activity as 
growth hormone releasing factor (GRF) that controls the 
secretion of growth hormone. 


The special feature of the process is the construction of a 
compound gene by ligating the gene for an enzyme called 
dihydrofolate reductase (DHFR) with the GRF deriva- 
tive gene and its integration into E. coli. The GRF 
derivative synthesized by E. coli can be purified using a 
relatively simple process. 


GRF is a peptide composed of 44 amino acids and is 
produced in the hypothalamus of the brain. 


The synthetic GRF derivative has the 27th amino acid of 
GRF replaced by a different amino acid; it functions in 
controlling growth hormone release the same as GRF. 


On the other hand, DHFR is an enzyme frequently used 
for the research and development of pharmaceuticals; 
tools for separating this enzyme are already at hand. 


In order to simplify the separation-purification of the 
peptide synthesized, the genes for the two substances 
were ligated, and they used E. coli to produce the 
substances. 


The conjugated peptide produced by E. coli can be 
separated into GRF and DHFR by reacting with a 
substance called cyanogen bromide. 


A chemical synthesis process for GRF has already been 
developed. 


In a recent experiment, nearly 90 percent of the synthe- 
sized conjugated peptides were decomposed by the pro- 
teinase indigenous to E. coli. If this can be prevented, 
they think they can synthesize GRF more efficiently 
than with a chemical synthesis process. 


DNA Replication Protein Separation Process 


43063554 Tokyo NIKKEI SANGYO SHIMBUN in 
Japanese 15 May 89 p 5—FOR OFFICIAL USE ONLY 


[Text] Using a solution in which particulates of synthetic 
polymers were dispersed, the research group of Professor 
H. Kawaguchi of the Keio University developed an 
efficient process to separate proteins, which play an 
important role in DNA (deoxyribonucleic acid) replica- 
tion. Compared to the conventional technique using 
natural polymers, it is possible to extract the substances 
desired in higher purity with a simpler process. In the 
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future, we can also look forward to its application in the 
purification of enzymes or trace amounts of physiologi- 
cally active substances. 


Requests to use this process have already been received 
from overseas research organizations such as the Massa- 
chusetts Institute of Technology (MIT) of the United 
States and the Pasteur Institute of France. 


The process developed involves, first of all, the construc- 
tion of particulates by synthesizing strands of DNA 
molecules and binding them to macromolecular com- 
pounds used as a carrier. When they are placed in a 
mixed protein solution, the design is that only the 
desired protein is bound to the DNA strands. When the 
solution is centrifuged and hydrolyzed, it yields only the 
protein. 


The results of an experiment using particulates to which 
DNA strands having 300 base pairs each were immobi- 
lized revealed that the new process required onc-half the 
time compared to the conventional process; purity was 
increased 1|.2-fold, and the operation was also simple. 
Furthermore, it was confirmed that this system can be 
used repeatedly. 


When DNA is replicated, first the DNA and the tran- 
scription-controlling protein that promotes replication 
form a conjugant. Transcription-controlling proteins are 
essential substances in genetic engineering research; with 
this purification made easy, biotechnology research is 
likely to be accelerated. 


MITI’s 10-year “Supercell” Project to Start 


43063554 Tokyo NIKKAN KOGYO SHIMBUN in 
Japanese 22 May 89 p I—FOR OFFICIAL USE ONLY 


[Text] In an attempt to make the Second Generation 
Bioindustry concrete, the Ministry of International 
Trade and Industry will inaugurate in FY90 the “‘Super- 
cell” Project aimed at the functional control of biological 
cells at the chromosomal level. While current gene 
splicing technology extracts and utilizes individual func- 
tions of DNA (deoxyribonucleic acid), the goal of the 
above project is to control the inter-DNA regulatory 
functions of chromosomes, a DNA aggregate in a cell, 
and to use the actions of organisms more effectively; i.e., 
a new technology to apply programs inherent in organ- 
isms to biotechnology. MITI intends to invest ¥ 15 
billion in a 10-year program in the Future Industries 
Project to be undertaken cooperatively by industry, 
academia, and the government. 


DNA control at the chromosomal level 


The mainstream of biotechnology in the past was the 
technique to excise DNA that controls the production of 
useful substances, insert it into cells whose other uses 
have been approved, and produce the desired sub- 
stances. In this method, since the cells produce desired 
substances as part of their normal activities for sus- 
taining life, other substances are also produced at the 
same time. Consequently, it results not only in poor 
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production efficiency, but also in very difficult separa- 
tion and purification, which has also become a barrier in 
industrialization. 


Therefore, their plan is to devise an efficient single- 
function production by streamlining cellular functions to 
the production of desired substances. To achieve this 
goal, it is necessary to establish a technology that pro- 
motes the exhibition of one function, simultaneously 
suppressing other functions irrelevant to the objective. 
Since DNA in the cell is not only involved in production 
activities but also regulates other functions, they will 
actively apply the comprehensive operation at the chro- 
mosomal level. 


The idea is to use the “software technology” of the 
chromosomes to control functions while the controlling 
recombinant DNA technology is the “hardware technol- 
ogy” that manipulates the DNA itself. 


However, this research has barely found where to begin, 
and no progress can be anticipated if private corpora- 
tions and research organizations tackle the problem 
independently. Thus, the plan is to undertake long-term 
cooperation among industry, academia, and the govern- 
ment in basic, fundamental research up to the point of 
application. Research subjects include an elucidation of 
the overall functions of genes that control cellular activ- 
ities, clarifying assigned functions among a multiple 
number of genes to express one function. Specifically, 
research will center on elucidating the mechanism for 
displaying specific functions involved in the division 
and differentiation of cells within the vital activities, and 
studies at the levels of genes and chromosomes. 


Easy Method to Check Vector Stability 


43063554 Tokyo NIKKEI SANGYO SHIMBUN in 
Japanese 29 May 89 p 5S—FOR OFFICIAL USE ONLY 


[Text] Associate professor H. Nakahara, et al. of the 
Yamanashi Medical College devised an easy method to 
examine vector stability in bacterial cells, which is a 
problem in gene splicing. It uses a genetic marker having 
the function of incorporating mercury into the cell, 
which allows to ascertain the stabilized status of a gene 
inserted into the microorganism. 


A gene called merT is used, which was discovered in a 
mercury-resistant microorganism by associate professor 
Nakahara and the University of Washington group in the 
United States It functions to take up mercuric ions 
steadily into the cell. 


In genetic engineering, a small gene called a plasmid is 
used as a vector in order to insert useful, e.g., protein- 
producing, genes into bacterial cells. The testing tech- 
nique devised recently is to insert the merT gene into the 
plasmid at the same time. 


Whether or not the plasmid entering the cell functions 
stably for a long time is said to be the decisive factor in 
genetic engineering. When the bacterial cell with a merT 
gene is placed on a medium containing mercury, the gene 
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functions to take up mercury into the cell killing the 
bacteria. In contrast, this does not occur if the plasmid 
was not inserted or later lost from the cell. In other 
words, merT acts as a marker for plasmid stability in the 
cell. 


Antibiotic-resistant genes are frequently used as a 
marker for plasmid stability, but the technique has a 
drawback of being complicated. When merT is used, the 
test can be conducted much easier. 


Workers Certification System for Safety 


43063554 Tokyo NIHON KOGYO SHIMBUN in 
Japanese 29 May 89 p 13—FOR OFFICIAL USE 
ONLY 


[Text] In order to strengthen the safety system in applied 
gene splicing technology, the Bioindustry Development 
Center (BIDEC, president, S. Fukui, professor emeritus 
of Kyoto University) plans to establish a voluntary 
qualification licensing system targeted at production 
workers and research assistants at private corporations 
and universities. They plan to establish a licensing 
feasibility study (FS) committee and begin discussing 
specific proposals in July and form a framework for the 
new system by next spring to inaugurate it in FY 90. 


For the safety of gene splicing technology, respective 
agencies enacted guidelines that are being enforced: 
“Recombinant DNA (deoxyribonucleic acid) Experi- 
ment Guidelines” of the Science and Technology Agency 
and the Ministry of Education, for the production stage, 
MITI’s “Recombinant DNA Technology Guidelines for 
Industrialization,” “Drug Manufacturing Guidelines for 
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Applied Recombinant DNA Technology” of the Min- 
istry of Health and Welfare, and “Guidelines for using 
Recombinants in Agriculture, Forestry, and Fisheries 
Fields.” 


The guidelines of these various agencies and ministries 
require the appointment of a chief safety officer or 
manager. However, due to the nature of the guidelines 
with a strong characteristic for voluntary rules, the 
qualifying conditions are not currently clearly stated. 
However, in order to gain people’s understanding of 
biotechnology and to have it established and developed 
as an industry, BIDEC concluded that it is necessary to 
make safety infallible and decided to strengthen the 
safety system by establishing a licensing system targeted 
at personnel at production sites as well as those engaged 
in research using gene splicing technology. 


The FS committee will seek opinions not only from the 
biotechnology specialists in industry, academia and gov- 
ernment, but also from a broad range of experts 
including legal scholars and bioethics experts. They plan 
to apply the licensing system mainly to young workers 
such as production workers and research assistants by 
boldly extending the base and not limiting it to chief 
safety officers and managers. Furthermore, they intend 
to make it a unique system that applies to research 
assistants not only in private corporations, but in aca- 
demia and government research organizations as well. 
Regarding the private sector, they will not be bound by 
the industrial categories of MITI’s jurisdiction, but will 
extend to the jurisdictions of the Ministries of Health 
and Welfare; Agriculture, Forestry, and Fishery; and 
even to Construction. They will also discuss removal of 
the administrative framework. 
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ICOT Begins PIM Processor Development 


43065212a Tokyo NIKKEI Al in Japanese 
5 Jun 89 p 10-11— FOR OFFICIAL USE ONLY 


[Text] “One sometimes hears concern in journalistic 
circles that the ‘final curtain’ is about to fall on ICOT 
(Institute for New Generation Computer Technology), 
but the latter period of full-scale development of PIM 
(Parallel Inference Machine) is actually the start of a new 
project. It is too early, at this stage, to worry about 
evaluation of the project.” ICOT Director Kazuhiro 
Fuchi used that statement, which could be taken as a 
restraint on reporting, in opening the seventh Fifth 
Generation Computer Symposium (FGCS). Actually, 
this stood out as a highly interesting statement in the 
field of parallel processing, where multi-PSI and PIM 
development are an essential par: of ICOT research; it 
gave a strong impression of being more “realistic” than 
FGCS’88, held last December. 


ICOT announced for the first time, at this symposium, 
that PIM device processor devel pment has already 
entered the production stage. What was announced this 
time was an outline of the device processor mounted in 
the PIM/p inference module. According to the 
announcement, the PIM/p device processor uses an 
instruction set that “combines parallel kernal language 
KLI1-B with RISC instructions.” Research on RISC- 
based parallel processing machines has become active in 
Japan and the U.S. recently; it appears that a partial 
adoption of RISC instructions for ICOT’s PIM was 
decided in accordance with that trend. However, the 
details of the instruction set are not known at this time. 
According to an involved party, “some of the manufac- 
turers participating in the project seem to have been 
eager to adopt RISC. It may be that is one of the 
candidates.” 


Other features of the PIM/p device processor include (1) 
adoption of tag architecture and pipelines (four stages), 
and (2) real-time garbage collection using the reference 
number control method. Each device processor is con- 
nected to cache memory of the snoop cache type. 


PIM is aimed at a parallel inference machine in which 
about 1,000 device processors are connected, for a max- 
imum of about 1,000M LIPS (logical inferences per 
second). Development of the hardware is roughly divided 
into three levels. The mechanical portions, such as infer- 
ence processing and communication among processors will 
each have their own parallel processing processors, called 
“modules.” Each module will consist of several tens of 
“clusters,” and each cluster will consist of a number of 
closely linked device processors. To lighten the communi- 
cations load among clusters, they are connected by dupli- 
cate hypercube networks. The use of a rough linkage 
method like hypercube is planned for connections among 
modules. ICOT is now producing the first versions of 
device processors and network control LSI’s. It plans to 
build and test “experimental systems with several inter- 
connected clusters” during this fiscal year. 
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In addition to development of PIM, ICOT is planning 
distribution to researchers of an emulator for the parallel 
processing operating system “PIMOS” and multi-PSI, in 
order to expand the breadth of parallel processing 
research. The PIMOS emulator is called PDSS, and is 
made up of the KL! emulator and a PIMOS subset called 
MicroPIMOS. It works under UNIX. Training sessions 
will be held when it is distributed and, according to an 
ICOT source, “by spreading the technology, we will form 
close ties between user technicians and parallel pro- 
cessing technicians.” The same source says that the 
distribution of multi-PSI is not expected to be on as large 
a scale as that of PSI and PSI II “because of budget 
constraints and the size of the revision.” 


A number of experimental systems were displayed at the 
demonstration site set up alongside the symposium site, 
but there appeared to be nothing really new other than 
multi-PSI. 


In the field of natural language processing, the discourse 
understanding system “DUALS” and the input text 
correction assistance system “ICOTEXT” were exhib- 
ited. DUALS is a system that has been under develop- 
ment for some time. Newly expanded functions include 
the morpheme meaning analyzer “LAX,” which adds 
meaning descriptions to morphemes, and the ability to 
analyze the interdependence of clauses by adding a 
relational grammar to “SAX,” the sentence meaning 
analyzer. The structure of functional modules, as com- 
pared with the beginning of development, was also made 
clear. 


ICOTEXT is a system that has just been introduced. It is 
a proofreading assistance environment that eliminates 
ambiguity by analyzing and revising, through the dialog 
method, the Japanese text that is input. Unlike DUALS, 
which is intended to analyze texts that include ambigu- 
ities, ICOTEXT is based on the idea of a “standardized 
Japanese grammar” that limits the text being input. A 
person responsible for development in ICOT has said, 
“natural language processing research has ultimately 
taken the direction of DUALS, but this sort of system 
may well be necessary as a bridge to that.” 


This system was developed with LAX, and with “CIL,” 
which includes “LTB,” a natural language processing 
development environment in PSI. The input text is first 
analyzed by LAX, ambiguous parts of the original text 
are indicated through reference to the standardized 
Japanese grammar, and alternative expressions are pre- 
sented for selection by the user. A tree diagram of the 
results of the sentence is displayed to check whether the 
meaning matches that intended by the user. A sentence 
pattern indexing function is also provided. This uses a 
documentary database to index texts having certain 
word patterns and arrangements of parts of speech. This 
can be used in analysis of the phenomenon of speech. 
The next step will be to incorporate a meaning pro- 
cessing function that can infer the user's intention, and 
change ambiguous portions semiautomatically. 
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Computer-Readabie Japanese-English Dictionary 
Marketed 


43065212b Tokyo NIKKEI Al in Japanese 
3 Jun 89 p 7— FOR OFFICIAL USE ONLY 


[Text] In mid-June the Spirit Co. (Chiyoda-ku, Tokyo; 
president Hiroyuki Satachi), which developed and mar- 
keted the “X-EJ”’ English-Japanese machine translation 
system for personal computers, will begin selling “X- 
DIC,” a Japanese-English and English-Japanese elec- 
tronic dictionary for personal computers. It will run on 
such computers as the PC-9801 and the FMR. It will 
require more than 3 Mbytes on a hard disk. It has about 
30,000 glosses in each direction, and will cost ¥ 96,000. 


English-Japanese dictionary lookup uses a single-word 
translation function provided by X-EJ. To speed up 
Japanese-English lookup, kanji and hiragana will be 
converted to katakana first, and then a Japanese-English 
correspondence table will be searched. It comes with a 
specialized screen editor with basic word-processing 
functions. The screen is divided into two parts, one for 
Japanese words and one for English, and one part will 
show the translations of words in the text of the other 
part. Batch processing is possible. However, it will not be 
able to look up words on the basis of calls from other 
word processors or editors, like the “*Denjirin” electronic 
dictionary system of Toyo Joho Systems. 


““Denjirin,” which went on sale at the end of 1985, is the 
best known electronic dictionary for personal computers. 
Its price begins at ¥ 98,000 for the minimum configura- 
tion. About 2,000 have been sold so far, and steady sales 
are continuing. Just Systems (Tokushima-shi; president 
Yasunobu Ukigai), known for “Ichitaro” [a popular 
Japanese-language word processor], has a Japanese and 
English word processor called “Duet” that has Japanese- 
English and English-Japanese dictionaries, and large 
publishing companies sell dictionaries in CD-ROM 
form; electronic dictionary systems to assist translation 
are becoming steadily more popular. 


Spirit began selling the X-EJ English-Japanese machine 
translating system about three years ago at the low price 
of ¥ 98,000, and has sold nearly 680 so far. Now it is 
studying the use of these machine translation and dictio- 
nary functions with UNIX. 


BTRON for Educational Computers Reexamined 


43065213a Tokyo NIKKEI COMPUTER in Japanese 
3 Jul 89 p 44— FOR OFFICIAL USE ONLY 


[Text] Practical difficulties are foreseen for realization of 
the standardization of personal computers for education, 
which is being carried out by the Computer Education 
Center (CEC, in Tokyo; Ryuko Miyashima, chairman) 
under the joint jurisdiction of the Ministry of Education 
and MITI. In the course of a series of arguments that 
began with the criticism of the USTR (U.S. Trade 
Reperesentative) office that it would be a “non-tariff 
barrier,” both MOE and MITI again confirmed that 
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“CEC’s proposed standard personal computer for edu- 
cation is only one of a number of specifications for 
personal computers.’ They thus decided on a policy of 
not encourage a standard machine. 


Consequently there is to be free competition among 
manufacturers, at least on the surface, in the develop- 
ment and sales of educational computers. This endan- 
gers the popularization of BTRON, the Japanese OS 
(operating system) anticipated to be adopted under CEC 
specifications, and turns the focus of interest in the 
personal computer for education from the personal com- 
puter itself to the standardization of authoring tools for 
the development of educational programming languages 
and educational software. 


The original situation in regard to standardization of a 
personal computer for education, according to a party 
involved, was that suddenly in October 1987 “it was 
decided to base it on BTRON in accordance with MITI 
industrial policy.” Some manufacturers criticized the 
adoption of a completely untried OS. And recently the 
MOE side began to point out the strong concern that it 
would not be possible, with BTRON, to continue using 
existing software assets. Since last year CEC has worked 
on its standardization proposal using a policy of turning 
aside these criticisms by having two operating systems, 
MS-DOS and BTRON. 


At the same time, the criticism of “non-tariff barriers” 
has surfaced from the USTR office and others in the U.S. 
In July 1988 the USTR office sent MITI a letter saying, 
“to limit the OS for personal computers for education to 
one source—Matsushita Electric Industrial Co.—would 
violate the international rules for government procure- 
ment.” MITI replied that “CEC specifications are open: 
it is not the case that OS development is limited to 
Mastsushita,” and the situation seemed to be under 
control. 


The issue flared up again at the beginning of 1989, as 
Japanese-U.S. trade friction became more intense. 
According to those involved, the USTR office, MITI and 
MOE met at the end of May, at which time the two 
ministries explained that “individual manufacturers are 
not obligated to adopt CEC specifications as the basic 
architecture of personal computers for the education 
market,” and that “the various local school boards and 
schools are completely free to choose the specifications 
for their personal computers. MOE confirmed that "the 
CEC specifications are strictly one of a number of 
different personal computers; this ministry will not 
encourage schools to adopt a specific machine." 


On the other hand, those involved say that at the 
beginning of June, MITI gave CEC instructions that (1) 
with regard to the future handling of CEC specifications, 
functional specifications that did not include the OS and 
interfaces should be drawn up, and that (2) CEC should 
focus on user needs surveys and research activities. 
Therefore, although there has been no change in CEC’s 
policy of finishing up and publishing BTRON-based 
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standard specifications during this fiscal year, the policy 
has been considerably toned down, to the point that “we 
will not urge manufacturers to adopt the specifications.” 


Consequently, there are those within the industry who 
point out that, “it is possible the CEC proposal, which is 
a BTRON-based personal computer for education, will 
not go into production.” The delayed development of 
BTRON itself, together with the popularity of MS-DOS 
based personal computers (about 100,000 in the field of 
primary and middle-schools at the end of FY 1988), 
makes it look nearly impossible to standardize personal 
computers for education at the OS level. 


The point now being watched by concerned parties in the 
industry is, therefore, whether it will be possible to 
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standardize at the level above the OS—that is, program 
languages and authoring systems. According to MOE, 
“some kind of standardization is necessary, considering 
the transfer of teachers and students from school to 
school.”” If OS standardization is impossible, the stan- 
dardization of such things as authoring systems will 
inevitably be all the more important. 


However, authoring systems have already been indepen- 
dently developed and commercialized by software 
houses and universities, as well as by manufacturers; 
their standardization will be even more difficult than 
that of operating systems. It appears that the work of 
standardizing personal computers for education still has 
a long, hard road to travel. 
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Mitsubishi Purchases Additional Cray Computers 


Y-MP 4/116 for Product Design 


43065213b Tokyo NIKKEI COMPUTER in Japanese 
31 Jul 89 p 41—FOR OFFICIAL USE ONLY 


[Text] Mitsubishi Motor Corporation (MMC) will bring 
in the first CRAY Y-MP from Japan Cray this Sep- 
tember; full operation will begin in October. It first 
established MMC Computer Research (MCOR; head- 
quarters in Okazaki-shi, Aichi; president Hideo 
Yamada), a wholely-owned subsidiary that will develop 
technical computer systems using supercomputers; the 
company began operations in July. It intends to raise the 
level of technical computer use that is completely new in 
terms of system and organization, and that will not fall 
short in the competition for product development. 


The machine to be introduced is a CRAY Y-MP 4/116. 
The UNIX-standard UNICOS will be used as the oper- 
ating system. It is to use such application programs as 
PAM-CRASH for collision analysis, MSC-NASTRAN 
and MARC for structural analysis, STREAM for fluid 
analysis and KIVA for combustion analysis. 


The new company MCOR (pronounced “emcore’’) is 
presently working on system development in the field of 
technical computation and operational control of the 
various types of computers used for technical computa- 
tions in MMC. Sales are expected to be ¥ 200 million in 
its first year; by 1992 they are expected to reach ¥ 3.25 
billion, including system development services and com- 
putations commissioned by outsiders. 


The pillar of MCOR’s operations is to be development of 
CAD (computer-assisted design) and CAE (computer- 
assisted engineering) systems that use the newly intro- 
duced supercomputer and engineering workstations 
(EWS). MCOR will also deal with maintenance of the 
CRAY Y-MP 4/116 and development of systems using 
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that machine. The Y-MP is used as an IBM 3090 
back-end processor at present, but consideration is being 
given to directly connecting EWS to the Y-MP for use as 
a network environment in the near future. 


Y-MP 4/116 for Remote Computer 


43065213b Tokyo NIKKEI COMPUTER in Japanese 
17 Jul 89 p 44—FOR OFFICIAL USE ONLY 


[Text] In October, Mitsubishi Research Institute (MRI) 
will bring ina CRAY Y-MP 2/116 from Japan Cray, and 
will begin internal use, including commissioned compu- 
tation. In January 1990, it will start RCS (remote com- 
puting service) with this machine. 


The OS (operating systems) used will be Cray’s COS and 
UNIX-standard UNICOS, for which there is great 
demand within MRI. Both OS can run simultaneously, 
using Cray’s Guest Operating System. When the user 
uses COS, the IBM 3081 that is MRI's general-purpose 
computer will be used as the front-end processor. With 
the Sun-3 used as a gateway, it will be connected to the 
Hareumi (Chuo-ku, Tokyo) and Otemachi (Chiyoda-ku, 
Tokyo) ethernets, so that users within MRI will be able 
to use the UNICOS environment from workstations on 
the network. 


By accessing the Sun-3 through public telephone lines, 
users outside MRI will have access to the UNICOS 
environment on their own workstations. They will also 
be able to use COS through the IBM 3081. 


MRI brought in a CRAY-1 in 1980, and has put it to use 
in a broad range of fields including atomic energy, 
structural analysis and fluid analysis. It is being replaced 
because the great expansion of numerica! analysis has 
increased the computer power needed. Applications on 
the CRAY-1! can be run under COS on the Y-MP 2/116. 
It is thought that applications of greater generality can be 
run under UNICOS. 
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Interference Optical Fiber Sensor 


43067186a Tokyo NIHON KOGYO SHIMBUN in 
Japanese 19 Jun 89 p 14—FOR OFFICIAL USE 
ONLY 


[Text] A research group headed by Assistant Professor 
Kazuo Hodate of Tokyo University’s Center for 
Research on Leading-Edge Technology has developed a 
new interference optical fiber sensor which can measure 
with a high degree of sensitivity, temperature, vibration, 
pressure and sound in such special environments as 
under water and in strong magnetic fields. In this sensor 
a sensor loop, for measuring, and a reference loop are 
placed at opposite ends of a lead-fiber part, which 
transmits light from the light source. Existing interfer- 
ence optical fiber sensors had the disadvantage of noise 
contaminating the lead fiber, but in the new sensor they 
succeeded in removing the lead part’s noise by intro- 
ducing a frequency sifter in the reference loop. This has 
made possible the first optical fiber seismograph that can 
catch tsunami and crustal alteration of the ocean floor. 


Optical fiber possesses such excellent features as a wide 
band, a high degree of insulation, water resistance, fire 
resistance and flexibility, so research seeking to apply it 
to sensors is being actively promoted of late. Types of 
optical fiber sensors developed up to now are the inten- 
sity-modulation type, which modulates the intensity of 
the light in transmitting it, and the interference type, 
which modulates the light’s phase in transmitting it. 


Of these two, the intensity-modulation type sensor is the 
more difficult to develop for practical use, because, 
although its structure is simple and it has little noise, its 
sensitivity is limited. On the other hand, the interference 
type is far more sensitive than the intensity-modulation 
type, so it is expected to be much more practical, even 
though it had difficulty eliminating the noise generated 
in the lead fiber. 


Assistant Professor Hodate and his group responded to 
this by developing a new interference type optical fiber 
sensor that completely does away with the noise of the 
lead-fiber part, and verified its effectiveness by experi- 
ments. The optical system of the new sensor has a 
structure in which the measuring instrument part con- 
nects with the sensor loop via the lead fiber. An optical 
fiber coupler is used in the sensor loop, and this part is 
placed in the environment to be measured. 


When measuring, the light emitted from a single semi- 
conductor laser is divided into two lights by the coupler, 
one light is made the sensor light, and the other is made 
the reference light. It is an arrangement in which the 
sensor light goes to the sensor loop and the reference 
light to the reference loop, but in the end these two lights 
merge, interference is produced by the difference in the 
wavelengths of the two lights, and changes in such things 
as temperature and vibration are read out from the 
interference fringes of the light that are produced at that 
time. Mixed in the interference fringes are signals that 
show temperature changes and noise, and the noise is 
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removed by the action of the frequency sifter that is 
placed on the reference-loop side, so just the signals are 
isolated. 


When using this sensor as a seismograph, one need only 
place the measuring instrument part on the ground, and 
position just the sensor loop at an appropriate location in 
the ocean via a lengthy lead fiber. It is anticipated that it 
will be possible to use this sensor widely in oil and 
gasoline tanks too. 


Ultrasonic Sensor Using Ceramic Single Crystal 
Developed 

43067186b Tokyo NIHON KOGYO SHIMBUN in 
Japanese 14 Jun 89 p I—FOR OFFICIAL USE ONLY 


[Text] Ishikawajima-Harima Heavy Industries Co., Ltd 
has developed an ultrasonic sensor (probe) for use in 
plant nondestructive inspections which can be used from 
high temperatures of 550°C to ultra low temperatures of 
-196°C, and has placed its practical development on a 
firm footing. The temperatures at which it can be used 
expanded widely because a lithium niobate ceramic 
single crystal is used as the piezoeleciric element, a 
piezoelectric transducer which corresponds to the heart 
of the sensor, and it is joined to the electrodes and guard 
plate and case by aluminum-series solder. Because of 
this, it will become possible to constantly monitor such 
things as plant [genniku], deterioration of materials, and 
the development of cracks, even while operating at high 
temperatures, so the reliability of diagnoses of remaining 
life will be enhanced further. After this, Ishikawajima- 
Harima will embark on full-fledged selling of the sensor 
through a subsidiary. 


In almost all existing model ultrasonic sensors, silver- 
plated piezoelectric transducers were glued to guard 
plates (the part that comes into contact with what might 
be seriously injured) by an epoxy-series adhesive agent. 
Problems arose when the glued parts would peel off or 
deteriorate at high temperatures and low temperatures. 
At present, the temperature range of sensors for high- 
temperature use that have been developed for practical 
use is said to be 200-250°C at best. If the temperatures 
went above that, inspections were conducted after stop- 
ping the operation of the plant once and returning it to a 
normal temperature. 


The ultrasonic sensor that Ishikawajima-Harima devel- 
oped uses for its piezoelectric transducer a ceramic 
single-crystal piezoelectric element whose piezoelectric 
effect is not marred up to a high temperature of 1 ,200°C. 
By means of this, it sends and receives u!trasonic waves 
by interconverting electrical energy and mechanical 


energy. 


Normally, the joining of ceramic single crystals to elec- 
trodes and guard plates was considered to be difficult, 
but Ishikawajima-Harima solved this by using an alumi- 
num-group solder. 
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The ultrasonic sensor that has been developed this time 
has two types, a “scanning type” and a “fixed type,” so 
one can use the right one for the right job. Ishikawajima- 
Harima has confirmed the expected results by con- 
ducting demonstration tests repeatedly over the last year 
and more, and has placed practical development on a 
firm footing. 


After this, while on the one hand Ishikawajima-Harima 
will grapple with developing uses for the sensor, it will 
embark on full-fledged selling of the sensor through its 
subsidiary Ishikawajima-Harima Testing and Measure- 
ment, Ltd. 


The sensor’s price has not been decided, but it is said 
that it will be rather expensive compared with existing- 
model sensors. 


Latest Laser Applications 


43067191 Tokyo NIKKEI SANGYO SHIMBUN in 
Japanese 10-14 Jul 89—FOR OFFICIAL USE ONLY 


[Series of five articles by SANKEI SHIMBUN reporters 
Junko Kageki, Yutaka Ikebe and Shigehiko Nakajima: 
“The New Age of Lasers”) 


{10 Jul 89 p 5] 
[Text] Part ! 


The range of application of lasers has expanded greatly 
accompanying the rapid progress of electronics. We have 
probed the foremost line of R&D which aims at practical 
development by making use of such excellent properties 
of lasers as high-output, monochomaticity and high 
luminance in regard to five fields: micro processing of 
semiconductors, optical communications, chemical syn- 
thesis, energy and medical treatment. 


The Rapid Pace of R&D 


The field of laser application into which manufacturers 
of electrical machinery are currently putting effort is 
micro processing of semiconductors. They see the exima 
laser, which is a type of gas laser and which emits 
ultraviolet light, as a leading contender in the exposure 
of VLSI (very large scale integrated circuit) circuit pat- 
terns, and are increasing the pace of its R&D. Although 
there are also competing sources of light for exposure, 
there is strong opinion to the effect that the exima laser 
is the one nearest to practical development, so every 
manufacturer is hastening the final technological step on 
the way toward practical development. 


Among exima lasers the one that is in the spotlight for 
use in semiconductor processing, is the type that uses a 
compound gas of flourine and krypton. This laser has 
also been used before this for research in such fields as 
chemistry and nuclear fusion, but among makers of 
electrical machinery attempts have spread to elevate 
such properties as output, life span and light-emission 
time for use in exposure-devices for semiconductors. At 
present the ones grappling with development are such 
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firms as Hitachi, Ltd, Toshiba Corporation and 
Komatsu Ltd, and they are trying to make them into 
practical devices by piling up a series of improvements. 


No results have emerged in development to this point 
that accomplished big breakthroughs, but it has pro- 
gressed steadily step by step. Take Hitachi, for example. 
Exima lasers emit light intermittently, in pulses. Hitachi 
succeeded in lengthening the emission time for a single 
pulse as much as 2.7 to 3.6 fold by increasing the number 
of discharge electrodes inside existing laser devices. 
Furthermore, by incorporating a special optical element 
it suppressed wavelength expansion, which is a cause of 
blurring in a circuit-pattern’s image. The emission time 
is still actually one-half the required time, but it is said 
that suppiession of wavelength expansion has attained 
the level of practical use. 


With an eye to processing of semiconductors, Komatsu, 
too, has succeeded in developing an exima laser in which 
wavelength expansion is controlled. It is an arrangement 
which constantly prevents expansion and aberrations in 
the laser by making other laser beams a standard; the 
wavelength expansion is 2 picometers (a picometer is 
one-trillionth of a meter), the same as Hitachi. The 
output is high, 11.5 watts, and the emission wavelength 
is stable even if operated for a long time, so it is difficult 
for the image to blur in exposing the circuit pattern of a 
semiconductor. 


Also Trial Manufacture of Exposure Devices 


The light output per pulse and the number of pulses 
emitted per unit of time are also important conditions in 
development for practical use. Toshiba attained a fre- 
quency of 2 to 3 kHz with a stable output with an exima 
laser that used xenon choloride gas, and is showing 
confidence of being able to to generate light at an 
equivalent frequency by means of krypton flouride too. 
At Toshiba, laser researchers are advancing development 
in cooperation with researchers on the manufacturing 
process for semiconductors. 


There has also emerged a manufacturer who has trial 
manufactured a VLSI exposure device with an exima 
laser. Matsushita Electric Industrial Co., Ltd developed 
an exposure device that used a krypton flouride laser, 
and succeeded in printing a circuit with the 0.3 micron (1 
micron is 1/1000th of a millimeter) line-width which is 
indispensable in making 64 Mbit DRAM (dynamic 
random access memory) memory elements. Based on 
this device, Matsushita is also putting effort into 
enhancing the precision of the alignment of the masks 
used in exposure. 


At present, semiconductor manufacturers are awaiting 
the start of selling 4 Mbit DRAM, which is scheduled for 
this fall, so they are putting effort into preparing for it. It 
is said that manufacture of 16 Mbit DRAM is the limit 
for the visible light sources which are in general use at 
present, and that a short-wavelength light source, rather 
than visible light, will be needed in order to make VLSI 
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of higher density. The exima laser emits short- 
wavelength ultraviolet light, so judging just from the 
wavelength, manufacture of 64 Mbit semiconductors 
would become possible. 


Of course, in regard to the making of 64 Mbit DRAM, 
there are many rivals, with X-ray, synchrotron radiation 
(SR) and so on beside the exima laser. Micro processing 
beyond the 64 Mbit DRAM is considered to be impos- 
sible with the exima laser, so there also exists the view 
that the best plan would be to aim at developing X-ray or 
SR from the very beginning. 


The Issue Will be Decided in 2 to 3 Years 


However, there is also the view among researchers that 
“5 years from now the exima laser will be the main 
stream” (Kazufumi Ogawa, chief researcher at Mat- 
sushita Electric’s Central Laboratory), and almost 
everyone holds the view that utilization of X-ray and SR 
will come 10 years from now at the earliest. When we 
look at market trends for VLSI, it can be said that the 
issue of whether the exima laser will be able to play a 
major role will be decided in the next 2 to 3 years, so it 
appears that development will be spurred on still more. 


{11 Jul 89 p 5] 
[Text] Part 2 


Optical communications centered on semiconductor 
lasers and optical fiber has expanded to telephone circuit 
networks, but in terms of technology it has still not 
brought out the maximum limit of its capability. Suffi- 
cient room has been left for development. Therefore, 
Nippon Telegraph and Telephone Corporation (NTT) 
and manufacturers of communications equipment are 
actively pushing ahead with development of technology 
in order to draw out that latent power fully. In particular, 
increasing the volume of transmitted information and 
increasing capacity have become major tasks of every 
company, so they are enthusiastically developing toward 
its realization. 


An Increase of All of Six Fold in Proportion to Time 


When divided roughly, there are two technological cur- 
rents for increasing the capacity of optical communica- 
tions. One is increasing capacity by sheer force; it is the 
method of using a beam of light at a single wavelength, 
and forcing as much information as possible into the 
optical fiber. The other is the method of realizing an 
increase in capacity by loading different items of infor- 
mation separately onto light of a number of wavelengths. 
The second method is called “wavelength multiplex.” If 
as much information as possible is sent by a single 
wavelength, to that extent the entire volume of trans- 
mitted information also increases, so every company is 
first placing the emphasis of development on large 
capacity transmission by a single wavelength. 


NTT is leading in that development, and the highest 
volume of transmitted information that it has achieved 
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up to now is 5 gigabits per second at the laboratory level 
(a bit is a unit of information, and | giga equals | 
billion). This capacity would make possible calls on 
approximately 78,000 telephone circuits, and this large a 
volume of information is transmitted by the flicker 
signal of a semiconductor laser as small as the point of a 
needle. The transmission capacity of optical communi- 
cation networks that have been developed for practical 
use at present are all 1.6 gigabits, so the maximum value 
is actually approximately 3 times that. 


But technology is advancing rapidly. Resuits that break 
this record have also begun to emerge. For instance, 
Fujitsu, Ltd, a manufacturer of communications equip- 
ment, succeeded in a transmission experiment of 10 giga- 
bits, corresponding to approximately 156,000 circuits, 
which is twice the NTT record. Fujitsu says that it will 
publish this result at the International Conference on 
Optical Communications (IOOC) which will be held on 18 
to 21 of this month. In this transmission experiment 
Fujitsu incorporated technology called the “method of 
large volume in proportion to time,” and says that it was 
able to connect it to an increase in capacity. 


Success in Four-Wavelength Transmission 


Success in the “wavelength multiplex method,” in which 
one places information separately on light of a number of 
wavelengths, has also emerged steadily. 


For example, NTT has succeeded in an experiment in 
“*four-wavelength multiplex optical communication,” in 
which it sent light of four different wavelengths through 
a single optical fiber simultaneously. Furthermore, it is 
currently using a semiconductor laser called the “‘distri- 
bution feedback type (DFB),”’ which has the property of 
stabilizing the wavelength of the light and keeping it 
fixed, and development of a new laser that contains the 
possibility of becoming a device with higher perfor- 
mance than this is going on in parallel. In regard to 
wavelength multiplex, in some circles ones which use 
two wavelengths have been developed for practical use, 
and development of technology has progressed in the 
direction of increasing that number to the greatest pos- 
sible extent. 


Using it the Same Way as Radio Waves 


Oki Electric Industry Co., Ltd, too, is using a semicon- 
ductor laser in developing a laser light-source in which 
the wavelength can be changed on a range as much as 
approximately 10 times greater than up to now, as an 
attempt linked to ‘“‘wavelength multiplex.” Oki Electric 
is trying to further raise the quality of the light that is 
emitted from this laser, and produce light of as many 
wavelengths as possible. 


At present it is at the experimental stage, but what 
researchers are judging as the ultimate technology for 
increasing capacity is “coherent optical communica- 
tions.”’ This is a technology that uses to the utmost the 
fact that the waves of a laser beam are entirely uniform; 
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it uses laser beams in exactly the same way as radio 
waves, That is, it transmits by placing signal waves 
directly on light waves, in the same way as a broadcast of 
radio and so on, and on the receiving end it isolates and 
extracts only the signals by means of the same arrange- 
ment as radio. If this method is realized, optical com- 
munications capacity w.!! .ncrease by leaps and bounds, 
sO anticipation is also high, but there are still many tasks 
in terms of technology. It is said that “it will be possible 
to develop it for practical use in the first half of the 
1990’s” (Kiyoshi Nozu, chief researcher, Optical Com- 
munications Research Section, NTT). 


In addition to this, c herent optical communications is 
connected directly to realization of long distance trans- 
mission without repeaters, which has become a task. Up 
to now the maximum transmission distance without 
repeaters has been 300 kilometers, but R&D to extend 
this further is being promoted. Moreover, there also 
exists the idea of transmitting between Tokyo and 
Hawaii without repeaters by changing the optical-fiber 
material to a different material from the quartz which it 
has been up to now. The time when optical fiber extends 
between all nations, to every region of Japan and to 
every household, and the world of communications 
becomes completely optical communications is still 
quite far in the future, but the path of technology is 
moving steadily in that direction. 


{12 Jul 89 p 5] 
[Text] Part 3 


The utilization of lasers as a step in chemical synthesis 
has advanced actively. If one applies a powerful exima 
laser, one can produce atoms, molecules or ions that are 
completely disconnected. In the field of high- 
temperature superconductivity, such lasers are being put 
to use in the making of high-quality thin film. In yttrium- 
group thin film it has reached the point of recording a 
maximum critical current density of 5 million Amps per 
square centimeter. 


Making Stable Thin Film 


Using lasers to freely make superconductive thin film 
which possesses various kinds of atomic composition... 
Recently a group headed by Assistant Professor Tomoji 
Kawai of Osaka University’s Institute of Industrial Sci- 
ence developed this kind of convenient technology. It 
was an application of the sputtering method using an 
argon flouride exima laser, and it succeeded for the first 
time in measuring in a quantitative manner changes in 
the property of superconductivity. 


It is an arrangement in which, when one arranges inside 
the device as targets chemical compounds of such ele- 
ments, familiar for superconductivity, as bismuth, stron- 
tium, calcium, barium and yttrium, and goes along 
irradiating them in turn by a laser while selecting the 
targets, each element will rain down and pile up on top of 
the substrate. Heretofore, a “blend” of such elements 
was impossible. 
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Assistant Professor Kawai emphasizes that ‘‘with lasers 
one can establish the oxygen pressure high, so one can 
make more stable film than with other methods. It is also 
an advantage to be able to produce the most convenient 
energy by photochemistry.” According to him, such 
entities as NEC Corporation, Toshiba Corporation, 
Nippon Telegraph and Telephone Corporation (NTT), 
NKK and the Institute of Physical and Chemical 
Research are grappling with laser sputtering. 


Among chemical reactions, photo-reactions, which use 
the photo-energy of the sun and so on are fulfilling an 
important role in the process of synthesis of matter 
which occurs within the bodies of plants and animals. 
The laser, from which monochrome light of uniform 
wavelength is emitted, will be the optimum means for 
doing such things as realizing this kind of efficient 
process in a test tube or analyzing it. 


Take, for example, vitamin D, for preventing rickets; 
when one synthesizes it by photo-reaction using a mer- 
cury lamp, by-products are produced, so the yield will be 
no more than 28 to 35 percent. But it is said to be 
possible to increase the yield to 90 percent or more when 
one uses a krypton flouride exima laser and a nitrogen 
gas laser together. 


Furthermore, there is also the method of laser-induced 
chain reaction, which provides the energy necessary to 
start a reaction. West Germany’s Max Planck Institute 
indicates that it is able to obtain vinyl chloride monomer 
from chloroethane, America’s Los Alamos National Lab- 
oratory indicates that it is able to obtain methanol from 
methane, and so on. The special feature is that the 
reaction’s yield is one step higher. 


Searching for Substances for Pharmaceuticals 


But the defect of lasers is their high cost. If one uses an 
exima laser in photo-reactions, it costs over 100 times 
more than with a mercury lamp, and it is said that, even 
after lasers have become fairly widespread, the cost will 
not decline below ten times the cost with mercury lamps. 
Among experts there is considered to be a possibility of 
being profitable economically if it is used with high- 
added-value pharmaceuticals, so the search for such 
substances is occupying an important place in R&D 
strategies. 


Lasers are also useful in the synthesis of substances with 
complicated structures. One can unravel a complicated 
reaction process if one investigates what kind of inter- 
mediate is formed when one applies a beam of a specific 
wavelength to a substance. Mikio Hoshino, assistant 
chief researcher at the Institute of Physical and Chemical 
Research, says “if one understands the reaction mecha- 
nism, the molecule design becomes easy, so it becomes 
easy to make chemical compounds.” 


Of course, even if the reaction mechanism has become 
clear, with an exima laser whose wavelength has been 
decided on in advance, there is a greater possibility that 
one will not be able to realize the optimum synthesis 
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reaction. Therefore, hopes have risen for a free electron 
laser (FEL), which can change its wavelength and has 
high output. 


Aiming at a Low Cost FEL 


An FEL is a system that emits a laser beam while 
bending the electron beam by means of a magnetic field. 
The wavelength can be changed freely by controlling the 
strength of the beam and the magnetic field. Akira Yabe, 
chief of the Reaction Site Design Section of MITI’s 
National Chemical Laboratory for Industry, explains 
that ‘‘an FEL can also produce short-wavelength ultravi- 
olet light, and its maintenance cost is cheaper than that 
of an exima laser.” 


Dr. M.J. (Berry), who is famous in laser science, states in 
one of his works that “if FEL are developed for practical 
use, the economic effect will be immeasurable.” A 
number of test-manufactured FEL devices have 
appeared in America, and in Japan such entities as 
MITI’s Electrotechnical Laboratory, Sumitomo Electric 
Industries, Ltd, Toshiba Corporation, Hitachi, Ltd and 
Mitsubishi Electric Corporation have set to work on 
development. 


[13 Jul 89 p 5] 
[Text] Part 4 


Powerful laser beams heat materials to a high tempera- 
ture and melt them in an instant. Development of 
technology which uses this kind of laser power is 
advancing in the fields of nuclear fusion and material 
processing. In nuclear fusion it is already in the state of 
being one step before corroboration, so development of a 
laser device that can generate continuously at a higher 
output has now become the focal point. Furthermore, in 
material processing, attention has begun to turn from 
cutting material by laser beams to the more advanced 
applications of welding and surface reforming. 


Efforts Put Into High-Output Devices 


When one concentrates a laser beam on a small fuel 
pellet with a diameter of | mm, because of the laser’s 
heat, in an instant it produces an “implosion,” and 
nuclear fusion is realized. The key point of this laser 
nuclear fusion is a high-output laser device. The goal is 
first to demonstrate the possibility of nuclear fusion by 
increasing the power of existing laser devices, and next to 
develop the optimum device. 


At present, the most reliable one is the glass laser. Glass 
lasers have already been realized which have an output 
of | terawatts (tera is | trillion), though for about | 
billionth of a second. In Japan, there is the ‘“Gekko-1! 2” 
belonging to Osaka University’s Center for Laser 
Nuclear Fusion. It concentrates !2 laser beams, and last 
year attained an output of 55 terawatts. 


America has a glass laser device of the same kind, the 
“Nova,” at the Lawrence Livermore Laboratory, and it 
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has established a world record output of 70 terawatts. It 
is said that it appears likely that it will ultimately 
produce 100 terawatts. 


Even so, Assistant Etsuo Fujiwara of Osaka University’s 
Center for Laser Nuclear Fusion says “in order to actually 
cause nuclear fusion, it would require about 10 times that 
output.” A blue print for a “Diamond Plan” for that 
purpose is ready. It is said that laser nuclear fusion will 
approach one step nearer to realization when this device, 
which will have 24 laser beams, comes into being. 


The Task is Continuous Generation 


But glass lasers have a weakness. The glass that emits the 
laser beam has heat, so it cannot generate continuously. 
When the laser beam is emitted one time, the next 
generation is impossible for the space of at least 10 
minutes. In other words, in order to allow continuous 
laser nuclear fusion, one needs a laser device that can 
generate continuously. 


Chief Researcher Kazuo Imasaki of the Institute of Laser 
Technology Inc. says “the likely candidates are the krypton 
flouride laser and the free electron laser.” The krypton 
flouride laser is at the stage at which the Agency of 
Industrial Science and Technology's Electrotechnical Lab- 
oratory began basic experimentation this year. And the 
free electron laser is a mechanism which generates a laser 
by causing high-speed electrons to surge by means of a 
magnetic field, and it is possible to change its wavelength 
freely. In Japan, the Institute of Laser Technology and 
Osaka University are grappling with research with a | 
gigawatt (1 billion) class device. Both of these lasers have 
short histories, but there are high expectations for both. 


On the other hand, in the field of material processing, 
carbon dioxide lasers are the standard class. They are 
already playing an active part in cutting thick iron plate 
and so on. By making full use of the special characteristics 
of gas lasers, continuous generation of from a few dozen 
hours to as long as | week is possible, and they are also 
highly reliable. Hitachi, Ltd and a group centered on 
Mitsubishi Electric, which received a commission from 
MITI, are each developing devices with outputs of 20 
kilowatts. 


Advancing the Function of Materials 


Development of the carbon monoxide gas laser, which 
made its appearance as a newcomer, is also proceeding at 
a rapid pace. Its special feature is that its wavelength is 5 
microns (1 micron is !/1000th of a millimeter), approxi- 
mately one half that of the beam of a carbon dioxide gas 
laser, so it can pass through the inside of an optical fiber, 
and its energy is easily absorbed by metal. It can also cut 
the thick stainless steel structures inside a nuclear reactor. 


Mitsubishi Heavy Industries, Ltd and the Institute for 
Industrial Creation, Inc. [zaidan hojin sangyo sozo ken- 
kyujo] are grappling jointly with research, and have set a 
target date for development of a 20-kilowatt class laser 
that can cut stainless steel. 
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However, in material processing there is a sense that 
research on laser cutting has passed its peak, and now the 
emphasis has shifted to welding and surface reforming of 
material. In welding, the attraction is the point that 
welding is possible for materials, such as ceramics, which 
are difficult with conventional welding technology. 


In regard to surface reforming, it is possible to turn the 
surface into ceramics by irradiating the surface with a 
laser beam in nitrogen, and it is possible to make it 
amorphous (noncrystalloid) by rapid cooling after irra- 
diation. Professor Akira Matsunawa of Osaka Univer- 
sity’s Institute of Welding Engineering explains that 
“because of this, we can anticipate such advancement of 
material function as enhancement of wear resistance.” 


In such applications, the task is development of peripheral 
technology, such as tracing the composition plane accu- 
rately, and diligently controlling the laser beam’s output. 


{14 Jul 89 p 5] 
[Text] Part 5 


Laser therapy, which cures everything from cancer, heart 
disease and serious disorders of cerebral blood vessels 
and so on, to warts and moles, is steadily bearing fruit. 
The “‘Natomekku Shichiri Hospital” in Omiya City, the 
world’s first hospital specializing in lasers, is equipped 
with a carbon dioxide laser, a neodymium YAG laser, an 
argon laser and an argon dye laser, and in the space of 4 
years has performed approximately 750 examples of 
surgery, large and small. 


Eradicating Cancer by a Chemical Reaction 


Up to now, most laser therapy has utilized the action of 
heat, as in making incisions in tissue by means of a carbon 
dioxide laser, or causing coagulation by means of a Yag 
laser. But “this only amounts to substituting it for electric 
and other methods, and cannot be said to be making use of 
the intrinsic capability of a laser,’ points out Professor 
Masakane To of Tokyo University’s Center for Research 
on Leading Edge Science and Technology. 


In that sense, what is currently attracting the most 
attention is the method of eradicating cancer cells by 
utilizing a chemical reaction caused by the laser beam; it 
is called photodynamic therapy (PDT). 


PDT is an arrangement by which, one first injects into 
the patient’s vein a substance called hematoporphyrin 
derivative, which resembles the hemoglobin in blood. 
The dosage is 2 to 5 mg per kg of body weight. This 
substance has the unusual property of collecting 2 to 10 
times more easily in cancer cells than in normal tissue, so 
when 2 or 3 days have passed it is absorbed completely 
by the cancer cells. 


Next, using an endoscope that incorporates optical fiber, 
one aims at the hematoporphyrin derivative and applies a 
krypton laser or xenon laser that has a specific wavelength. 
When that is done, a photochemical reaction occurs, and a 
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highly active acid that is harmful to organisms is produced, 
and annihilates the cancer cells with precision. 


It Does Not Involve Normal Cells 


Professor Yoshihiro Hayata and Assistant Professor 
Harufumi Kato of Tokyo Medical College were the first 
to succeed at curing early-stage lung cancer by PDT 
alone without conventional surgery. The Tokyo Medical 
College group is developing, jointly with such entities as 
MITI’s Electrotechnical Laboratory and Hamamatsu 
Photonics, a laser device that will both diagnose and 
treat. 


Assistant Professor Kato, who for 2 years tracked and 
investigated approximately 200 examples of therapy by 
PDT for early stage cancer of the stomach, lungs, aesoph- 
agus, bladder and so on in special research for the 
Ministry of Health and Welfare, says proudly “It became 
clear that it can be cured completely if the affected part 
is | centimeter or smaller.” He says that the therapeutic 
effect on the cancer itself is the same as that of radiation 
and carcinostatic substances, but that its greatest advan- 
tage is that it does not involve normal cells. 


Thrombi that are formed in the coronary artery that runs 
along the outside of the heart become a cause of angina 
pectoris and cramping of the heart muscle. But, the 
location being what it is, surgery by incision is very 
difficult. Therefore, there are hopes for making use of 
laser beams emitted from optical fiber. One would insert 
an endoscope from the area of the thigh, and make it 
move cautiously along the flow of blood as one searches 
out the thrombus. 


If one injured the wall of the artery even slightly during 
the therapy, it would endanger the patient's life, so it is 
important that the laser beam be absorbed by the 
thrombus, and that, moreover, it not affect the blood 
vessel. What fulfill this condition are the argon and 
krypton exima lasers. The effectiveness of irradiation is 
being verified by animal experiments on goats and 
rabbits. 


The Task is Development of a Small Device 


Development of a small device is moving forward for the 
purpose of facilitating this kind of micron-domain sur- 
gery. The one viewed as promising is the semiconductor 
laser, and a tria! manufactured device that weighs 6 kg 
and can be carried about has made its appearance. 
Hirosuke Abe, an assistant at Tokyo University’s Center 
for Research on Leading Edge Science and Technology, 
says “if we can stop the laser beam down to a few tenths 
of a centimeter, we can anticipate an effect equal to that 
of a high-output laser.” 


What determines the performance of a semiconductor 
laser is, above all, the semiconductor’s output. The | 
watt ones that Sony is selling are the highest level at 
present. They are made from gallium, aluminum and 
arsenic, and Sony is currently attempting to build ones 
with an output of 3 watts. It is said among experts that if 
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a 10-watt class comes into being it will become any kind remove the heat. If small devices, represented by semicon- 
of surgical instrument at all. ductor lasers, are developed for practical use, it will 

become possible to receive laser therapy at any time and at 
The weak point of high-output lasers is that the device is any place, so will be possible for the spread of lasers to 
bound to be large, so one needs a cooling water system to _accelerate. 


FOR OFFICIAL USE ONLY 














FOR OFFICIAL USE ONLY 


JPRS-JST-89-053-L 
27 October 1989 


International Cooperation in Nuclear Power 
Developments 


43063036a Tokyo NIKKEI SANGYO SHIMBUN in 
Japanese 21 Feb 89 p 17—FOR OFFICIAL USE 
ONLY 


[Article by reporter Naohiro Saito: “Power Companies 
Cooperate With U.S. Companies on Nuclear Reactor 
Research’’] 


[Text] Abstract: Japanese power companies have started 
research into “simplified light water reactors,” which are 
said to be the next-generation nuclear reactors, in coop- 
eration with Japanese and U.S. heavy electrical appa- 
ratus manufacturers. Although it is considered to take at 
least 10 years to put simplified reactors into practical 
use, it will probably become a project indicating a new 
direction for Japan’s nuclear power generation that is at 
a crossroads because of the slowdown in power demand 
and the anti-nuclear power generation movement. 


Model Experiment Starts From April 


There are two kinds of simplified reactors; the simplified 
boiling water reactor (SBWR) and the simplified pres- 
surized water reactor (SPWR). The strong points of these 
two reactors are that they can reduce the danger of major 
accidents caused by wrong actuations, malfunctions, and 
operator errors by not using pumps for their emergency 
core cooling systems (ECCS). 


General Electric (GE) of the United States started the 
development of the SBWR in the first half of the 1980's, 
and it conducted a joint concept research of the design 
with the Japan Atomic Power Generation (main office in 
Tokyo) in 1986. Toshiba and Hitachi Ltd began cooper- 
ation with GE from last fall, and six power companies, 
concluding the Tokyo Electric Power Co (TEPCO), will 
participate in this project from April and a model 
experiment will be started. Westinghouse (WH) of the 
United States and Mitsubishi Heavy Industries are con- 
ducting research into the SPWR, and design concept 
research has begun adding five power companies, 
including the Kansai Electric Power Co. 


The United States advanced the research supported by 
the Department of Energy (DOE) and the Electric Power 
Research Institute (EPRI). In the accident of the Three- 
Mile Island nuclear power plant in 1979, the situation 
was worsened by the misoperation of the ECCS. The 
DOE started studying the development of the SPWR as 
one of the candidates for the next-generation nuclear 
reactor, and it has been supporting the development of 
manufacturers as of 1987. 


Manufacturers, research institutes, and scholars have 
been conducting research into the simplified light water 
reactors also in Japan for several years, but responses 
from power companies were slow. Because they were not 
interested in reactors with small output. 


Japanese power companies intend to have large reactors 
of more than | million kW electrical output expecting 
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benefits of scale. It is more economical to generate 
electricity in large quantities with large reactors because 
the ratio of construction cost in the total cost of a nuclear 
power plant is high. It is calculated that the construction 
cost of a simplified reactor is 10 percent less than that of 
a past reactor of the same capacity, but its building 
would be the same size as that of a past reactor whose 
Output is double. TEPCO says that it is of doubtful 
profitability. 


Another reason why power companies insist on large 
reactors is locations. 


Thirty-five nuclear power plants are already in commer- 
cial operation in Japan, and sites with stable ground 
where nuclear power plants can be newly constructed are 
limited. Opposition by the residents at proposed con- 
struction sites has become active in the recent anti- 
nuclear power generation mood, and some projects have 
had to be given up. Thus, some say it is better to generate 
electricity in large quantities at a single place. 


Improvement of Large Reactors 


The reason for the modification of the policies of power 
companies now is that “the idea of simplification to 
reduce equipment such as pumps can be applied to the 
improvement of existing large reactors” (TEPCO). The 
background for this is the recent pump problems, etc., 
one after another at nuclear power plants. 


That power demand has not increased as expected is also 
a primary factor. Japanese and U.S. power companies 
and manufacturers have already jointly developed an 
improved-version light water reactor led by the Japanese 
side. The reactor has a further advanced computer 
control with economical generation cost at 1.35 million 
kW of output. However, local power companies do not 
need such a large reactor. The voice of the anti-nuclear 
power generation group, ‘We have excessive electricity” 
also has a delicate influence. 


However, a source in the power industry says that there 
is no Japanese power company at present that wants to 
adopt the 600,000 kW-class reactor being considered in 
the United States, thus, increasing output to 800,000- 
900,000 kW will become the focus of research this time. 
The fact that the “S” in the SBWR and SPWR stands for 
“small” [in the United States], but means “simplified” 
in Japan symbolizes the different situations in Japan and 
the United States. 


Some say that the realization of a 900,000 kW reactor is 
difficult because the larger the simplified reactor the 
more difficult it will become to remove heat from it. On 
the other hand, nuclear reactor makers are advancing 
research to make improved smaller light water reactors 
of 800,000-900,000 kW. For simplified reactors to be 
adopted, they must be better than the improved reactors 
in both profitability and safety. 


FOR OFFICIAL USE ONLY 





FOR OFFICIAL USE ONLY 


30 NUCLEAR ENGINEERING 


Practical Use 


The manufacturers are trying to make the reactor an 
international product because Toshiba says that it will 
not try too hard to sell reactors of this scale in Japan, and 
Mitsubishi Heavy Industries says that it would like to 
export the reactor to developing countries. They say that 
it is most suited to developing countries if their elec- 
tricity demand and labor standard are taken into consid- 
eration because it is simple in structure and does not 
require many hands. 


Of course, some people, worry, saying that it is doubtful 
to construct many small reactors in developing countries 
even though the possibility of accidents caused by 
human error is slight. Therefore, it is necessary to 
carefully check the performance and safety of simplified 
reactors, even though they seemed reliable. 


It seems that there are still many difficulties before 
simplified reactors can be put to practical use. However, 
it is probably a useful idea to simplify nuclear reactors by 
reviewing the course of nuclear reactor development that 
has become more and more complicated and then uti- 
lizing the experience acquired so far. It’s necessary for 
both Japan and the U:S. to carefully examine the appli- 
caiton potential for the development of nuclear reactors. 


Foreign Technology Imports Announced 


43063036b Tokyo DENKI SHIMBUN in Japanese 
9 Mar 89 p I—FOR OFFICIAL USE ONLY 


[Text] The Science and Technology Policy Research 
Institute of the Science and Technology Agency on 9 
March announced Japan’s foreign technology imports in 
fiscal year 1987. According to this announcement, the 
number of contracts for new import technology for fiscal 
year 1987 was 2,709, 348 more than that of the previous 
fiscal year, which was the highest so far. The number of 
sophisticated technologies imported doubled within 5 
years to 1,355. “Computers” and “semiconductors” 
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especially exceeded the previous fiscal year by a large 
margin, but “nuclear power” is the same, and “aeronau- 
tics and space”’ decreased sharply. 


This survey has been conducted every year since 1950, 
and the new import contracts are classified into technical 
fields and industries and totaled. 


The number of technology imports by the first survey 
was only 76, which has now become 2,709, about 35 
times. The number exceeded 2,000 in FY71, and that has 
been increasing almost constantly except during the time 
of the oil shock. 


According to this survey, the growth rate is 14.7 percent 
over that of the previous fiscal year, that is, a double- 
digit increase in the 15 years since 1972. “Electricity” 
accounts for |,274, or most, of the new contracts; that is 
nearly half of all contracts. “Others” is 697; “machines,” 
386; “chemistry,” 287, and “metals,” 65. 


By industry, ““manufacturers” occupies almost all with 
2,636. Among these “electrical machines and tools” 
account for almost half at !|,274; “general machines and 
tools,” 283; “clothes and textile products,” 229, and 
“chemical products” 210. 


In the new contracts, those pertaining to high technology 
show high increasing rates during the past few years. The 
breakdown is as follows: “computers,” 946, a 35.3 per- 
cent increase over the previous FY; “semiconductors,” 
260, a 52 percent increase; “nuclear power,” 60, a 7.! 
percent increase; “aeronautics and space,” 16, a 64.4 
percent decrease; “medicines,” 56, a 42.3 percent 
decrease; and “biotechnology,” 17, a 19.9 percent 
decrease. 


Thirty-five “nuclear power” related technologies were 
introduced from the United States, and dependency on 
the United States in these 5 years is as high as 50-70 
percent. The U.S. share in “computers” is higher than 
the above, and a situation in which we import 80-90 
percent from the United States is continuing. 
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